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Throughout this PhD journey, a vision and four inspirational reminders kept me 
going on. The vision, which inspired me to take this PhD journey, is a mural of a 
community health nursing setting. At the centre of this mural is a nurse-led 
community health centre. The nurse is “immersed” within the community, 
communicating and partnering closely with the individual, family and 
community to promote their health. As a public health practitioner at the 
national level in Singapore, this mural resonates with me. It reminds me of the 
critical role that nurses play in community and social capital development; and in 
the creation of public value in a given society through the practice of effective 
and efficient public health nursing. A photograph of this mural is on my study 
table and has been a witness to the long hours I spent through the nights to 
complete this PhD journey. 
The four inspirational reminders complemented the vision of why I decided to 
take a PhD on a public health topic at the age of 50! The first is from Isaiah 58: 12 
which reads, “Your people will rebuild the ancient ruins and will raise up the age-
old foundations; you will be called Repairer of Broken Walls, Restorer of Streets 
with Dwellings.” This verse speaks of hope, healing, and restoration of 
communities, which to me, is the value of the practice of holistic public health to 
a particular community and to the nations. The rest are what I call my cheer 
leaders’ voices: (a)  “He who began a good work in you, will be faithful to 
complete it” (Philippians 1:6); (b) “I can do all things through Christ who 
strengthens me” (Philippians 4:13); and (c) my dear daughter’s cheer written in 
a piece of paper that I display together with the community health nursing 
mural: “All the best mommy; you can do it!” 
With God’s grace, I finally completed this journey. I would like to thank the 
following for helping me. The Chief Nursing Officer, Dr. Pauline Tan, the Deputy 
Chief Nursing Officer, Ms Lee Leng Noey, my Director (Health Information), Mr 
Tong Ming Shen, and my staff who has given me all the support and 
encouragement to complete this journey. I am deeply indebted to Dr. Michelle 
Cleary who was my primary supervisor; and Dr. Violeta Lopez and Dr. Danny 
Poo, who were my co-supervisors. I would also like to thank the chairs of my 
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Thesis Advisory Committee (TAC), Dr. Chia Kee Seng, who was my TAC chair at 
the beginning of this journey; and Dr. Gerald Koh, who was my TAC chair in the 
final lap of my journey.  
I would also like to express my gratitude to the members of the NUS faculty from 
the Saw Swee Hock School of Public Health who taught me Principles of 
Epidemiology and Quantitative Epidemiologic Methods; the Department of 
Statistics of the Faculty of Science who taught me Biostatistics for Basic Research; 
the Lee Kuan Yew School of Public Policy who taught me Statistics for Public 
Policy; the Alice Lee Centre for Nursing Studies who taught me Qualitative 
Research Methods; and the School of Computing who taught me the approach to 
the  development and psychometric evaluation of an instrument for measuring 
the business analytics maturity of an organization. Collectively, these learning 
opportunities have strengthened my research and analytical skills, including the 
use of the statistical software for scale development and statistical analyses.  
I would also like to thank the Public Health Foundation, USA, for providing  
permission to use the Council on Linkages’ Core Competencies for Public Health 
Professionals for the development of the Public Health Nursing Scale (PHNS) and 
the Public Health Informatics Skills for Effective Information Behavior (PHIS-
EIB) to measure the public health competencies of the study participants; I am 
also grateful to SAS for their permission to use the  SAS Information Evolution 
Model for the development of the Healthcare Analytics Maturity for Effective 
Nursing Administration Scale (HAMENA Scale) to measure the healthcare 
business analytics maturity of health care organizations as perceived by nurse 
administrators. My thanks also go to the panel of content experts who validated 
the measurements scales; and the participating organizations and nurse 
administrators who journeyed with me from the pilot phase through the main 
study. In view of the need to maintain confidentially, I am unable to name them 





I would like to thank my husband, Sunny, my sons James and Christopher, 
and my daughter, Michelle. I dedicate this thesis to them for their love; and for 
selflessly supporting me to pursue my calling. My PhD journey was a family 
journey too and provided opportunities for us to bond even closer. To God, the 
source of all true love, knowledge and wisdom, be the glory! 
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Background and context of the action research 
The multidisciplinary practice of public health includes the practice of public 
health by nurse administrators. As public health practitioners, nurse 
administrators need current and reliable information to enable their effective 
and efficient execution of the following three core functions of public health: (a) 
needs assessment; (b) policy development; and (c) assurance.  There is a felt 
need to enhance the Intermediate and Long Term Care Information System 
(ILTC-IS) to address the public health related information needs of nurse 
administrators. 
 
It is posited that knowledge of the information behavior of users of information 
systems is fundamental to their effective design, implementation and continuous 
improvement.  However, there is currently a paucity of research on the public 
health information behavior of nurse administrators. In view of this, there is a 
need for research on the public health information behavior of the ILTC nurse 
administrators to inform the design, implementation, and continuous 




To develop a schematic model of the public health information behavior of nurse 
administrators; and to identify the predictors of the use of the ILTC-IS for public 
health practice by the ILTC nurse administrators. 
 
Methods 
Participatory action research consisting of three phases was employed: (a) Phase 
1 - planning and prioritization; (b) Phase 2 – implementation of action plans; and 
(c) Phase 3 - evaluation and reflection. The outcome measures that were 
developed and used in the present study include: (a) the Public Health Nursing 
Scale (PHNS); (b) the Public Health Informatics Scale for Effective Information 
Behavior (PHIS-EIB); and (c) the Healthcare Analytics Maturity for Effective 
 xiii 
Nursing Administration Scale (HAMENA Scale). The psychometric properties of 
these scales were established as part of the study.  
 
For triangulation of study results, a mixed method approach to data analyses was 
employed: (a) content analyses of answers to open-ended questions in order to 
identify the public health related information needs of the nurse administrators; 
(b) thematic analyses of transcripts of focus group discussions in order to 
identify the barriers and facilitators to their information seeking behavior; and 
(c) ordinal regression analyses in order to identify the predictors of the nurse 
administrators’ use of the ILTC-IS for public health practice. 
 
Results  
The main information needs of the ILTC nurse administrators include: (a) 
internal and external benchmarking rates of nurse-sensitive clinical indicators; 
and (b) epidemiologic information on risk factors. The significant predictors of 
the use of ILTC-IS for public health nursing practice include:  (a) job role; (b) 
competence in public health informatics; and (c) the knowledge processes of the 
organization. These results are consistent with previous studies describing 
information behavior as contextual, task-based and job role related, influenced 
by task competency and the characteristics of the organization. 
 
Conclusion 
This is the first study on public health nursing informatics in Singapore that 
adopted a participatory action research methodology. The findings provided 
input to the design and continuous improvement of the ILTC-IS and related 
health information systems.  
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NOTES ON LANGUAGE 
 
Nurse administrators refer to the nurses in the intermediate and long term care 
(ILTC) sector of the Singapore health care system who are playing leadership 
roles in (a) health care administration (e.g. Executive Directors, Chief Executive 
Officers, Chief Operations Officer, Head of Quality Management, etc.);  (b) nursing 
management (e.g. Directors/ Head of Nursing Service/ Nurse Managers/ Nursing 
Officers); (c) nursing education (e.g., Nurse Educators, Training Officers, etc.); 
and (d) clinical practice (e.g. Nurse Clinician, Advanced Practice Nurse and 
Senior Staff Nurses-in-Charge of specialized clinical programs such as infection 
control,  falls prevention, wound management, and the control of diabetes among 
the population served). Collectively, all of these nurses are referred to as “ILTC 
nurse administrators” in this thesis. 
Information behavior is the all-encompassing term which includes identifying 
information needs, information-seeking paths, and information-use as described 
below. 
Information needs refer to data and statistics that are needed by nurse 
administrators for the performance of the three core functions of public health: 
(a) needs assessment, (b) policy development, and (c) assurance.  
Information-seeking refers to the purposive seeking of information as a 
consequence of a need to satisfy some goal. In this thesis, information-seeking 
refers to the methods employed by nurse administrators to gather the 
information they require when carrying out the tasks of needs assessment, policy 
development and assurance to satisfy the goal of protecting the public’s health 
and  ensuring the safety and quality of personal and population health care. In 
particular, in this thesis, information-seeking refers to the behavior of nurse 
administrators when  seeking for the data and statistics using the  Intermediate 
and Long Term Care Information System (ILTC-IS) for surveillance and 
prevention of nurse-sensitive clinical events as follows: (a) falls; (b) infections; 
(c) pressure ulcers; (d) scabies; and (e) unplanned hospitalizations. 
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Information-use behavior refers to the use of data and statistics by the nurse 
administrators from the Intermediate and Long Term Care Information System 
(ILTC-IS) to enable the performance of the three core function of public health: 
(a) to carry out risk assessments;  (b) evaluate and recommend policies and 
programs to meet assessed needs; and (c) develop manpower plans to staff their 
organization with adequate number of competent nursing staff to protect the 
public’s health and ensure the safety and quality of the personal and  population 
health care services that their organization provides.  
Intermediate and long-term care (ILTC) sector refers to the health care 
organizations that cater to the intermediate and long term care needs of patients 
in Singapore.  
Intermediate and Long Term Care Information System (ILTC-IS) refers to 
the national information system currently in use for collecting data from the ILTC 
sector.  
Nurse-sensitive patient outcomes refer to patient outcomes that are affected 
by nursing practice (Adapted from Maas, Johnson, & Morehead, 1996; Savitz, 
Jones, & Bernard, 2004). 
Public health nursing practice refers to the performance of the three core 
functions of public health as applied to nursing: (a) needs assessment; (b) policy 
development; and (c) assurance (Adapted from the Institute of Medicine, 1988). 
 Public health nursing informatics refer to the systematic application of 
information and computer science and technology to public health nursing 
practice, research and learning (Adapted from Yasnoff, O’Carroll, Koo, Linkins, & 
Kilbourne, 2001). 
Public health information behavior refers to the information behavior of 
nurse administrators when carrying out their public health nursing practice: (a) 
identifying their information needs; (b) seeking for such information; and (c) 
using such information in order to carry out the three core functions of public 
health, i.e., needs assessment, policy development, and assurance (Adapted from 




HAMENA:  Healthcare Analytics Maturity for Effective Nursing 
Administration 
ILTC: Intermediate and Long Term Care 
ILTC-IS: Intermediate and Long Term Care Information System 
MECESA: Medical and Elderly Care Endowment Schemes Act 
(Chapter 173A) 
MOH: Ministry of Health, Singapore 
NUS:  National University of Singapore  
PHIS-EIB: Public Health Informatics Scale for Effective Information 
Behavior 
PHNS: Public Health Nursing Scale 





α Level of Significance 
CI Confidence Interval 
df Degree of Freedom 
F Fisher’s F ratio 
ICC Intraclass Correlation 
N Number of a Sample 
OR Odds Ratio 
p Probability 
SD Standard Deviation 
SE Standard Error 
t t -Statistic 
χ2 Chi-Square Statistic 
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The present study investigated the public health information behavior of nurse 
administrators. Studies on information science suggest that  information 
behavior is contextual, role, and task-based (Wilson, 1981; Vakkari, 2003), 
hence, to provide the context for the present study, this introductory chapter of 
the thesis presents an overview of the core functions and essential services of 
public health and the practice of public health by nurses in general and the 
practice of public health by the nurse administrators of Singapore in particular. 
This chapter also provides (a) an introduction to the Intermediate and Long 
Term Care Information System (ILTC-IS) that is designed to enable the public 
health practice of the nurse administrators;  (b) the study motivation; (c) the 
significance of the study; and (d) the organization of the thesis. 
 
Core Functions of Public Health 
 
In the 1988 Institute of Medicine (IOM) report on the future of public health, 
public health was defined as what we, as a society, do collectively to assure the 
conditions in which people can be healthy. Its mission is to generate organized 
community effort to address the public interest in health by applying scientific 
and technical knowledge to prevent disease and promote health. The report 
identified three core functions of public health: assessment, policy development, 
and assurance. For a comprehensive health system management, ten essential 
services of public health are identified as the obligations of the public health 
system to implement the above three core functions of assessment, policy 
development, and assurance (Stanhope & Lancaster, 2004; Williams, 2004; 
Centers for Disease Control, 2007). 
Assessment  
This function involves the systematic data collection on the population, 
monitoring of the population’s health status, and making information available 
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on the health of the population. The essential public health services under the 
core public health function of assessment include: monitoring of health status of 
the members of a given community in order to identify community health 
problems; and diagnosing and investigating the health problems and hazards in 
the community.  
 
Policy development  
This function refers to the need to provide leadership in developing policies to 
support the health of the population, including the use of the scientific 
knowledge base in making decisions about policy. The essential public health 
services under the core public health function of policy development include: 
informing, educating and empowering people about health issues; mobilizing 
community partnerships to identify and solve health problems; and developing 
policies and planning to support individual and community health efforts.  
Assurance  
This function refers to the role of public health system in making sure the 
availability and accessibility of community-oriented health services that 
provides essential population-based and personal health services. It also refers 
to the evaluation of the services to protect the health of patients and populations 
and to ensure the safety and quality of services being provided by ensuring the 
availability of an adequate number of manpower to deliver competent public 
health and personal care workforce (Williams, 2004). The essential public health 
services under the core public health function of assurance include: enforcing 
laws and regulations that protect health and ensure safety; linking people to 
needed personal health services; ensuring the provision of health care when 
otherwise unavailable; ensuring a competent public health and personal health 
care workforce; and evaluating the effectiveness, accessibility and quality of 
personal and population-based health services.  
In addition to the above, the essential public health service that serve all of the 
three core public health functions include conducting research for new insights 
and innovative solutions to health problems. 
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The Practice of Public Health by Nurses 
 
The multidisciplinary practice of public health includes the practice of public 
health by nurses. Public health nursing is the synthesis of public health and 
nursing (Anderson & McFarlane, 2008). It is the practice of public health by any 
nurse, such as the nurse administrators of the intermediate and long term care 
sector (ILTC) of the health care system of Singapore, that complements the 
specialized public health nursing function performed by public health nurses in a 
Department of Health or its equivalent (Stanhope & Lancaster, 2004).  
From a nursing perspective, the essential public health services of ensuring a 
competent public health and personal health care nursing workforce; and 
evaluating the effectiveness, accessibility and quality of personal and 
population-based nursing health services involve the quality assurance function 
of the nurse administrators. In nursing quality assurance, “the ultimate goal of 
researchers, clinicians, informaticians, administrators, payors and policy-makers 
is to improve nursing practice and patient outcomes” (Lang, 2008, p. 235). While 
the terminology for the quality assurance process to improve nursing practice 
has changed in the last 30 years, the process of improving nursing practice as 
proposed by Lang in 1975 remains the same (Swan, Lang and McGinley, 2004). 
Lang’s 1975 quality assurance model was in the form of an iterative process with 
feedback loop consisting of 5 steps: (1) formation of values that is informed by 
the values of the profession, the public, and the healthcare organization; (2) 
establishment of outcome, process, and structure standards and criteria; (3) 
assessment of the degree of discrepancy between the established standards and 
criteria and the current level of nursing practice; (4) selection and 
implementation of an alternative nursing practice to correct the discrepancy; 
and (5) improvement in nursing practice. Lang (1975) highlighted the place of 
values and beliefs about patient care by the profession, the public and the 
healthcare organization as the real determinants of quality, and how these are 
made explicit through the standards and criteria of nursing care that the nursing 
profession adopts. Congruent with Lang’s model, it is argued that “the 
distribution of specified levels of quality among various groupings of consumers 
of care is the ultimate measure of success and failure in achieving the social 
objectives of a health care system” (Donabedian, 1985, p. 282). 
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Given the public health goals of the nursing profession when working towards 
the achievement of the mission and objectives of their respective organizations, 
nurse administrators are called upon to combine their business management 
skills with a continuing sensitivity to patient care requirements when 
administering the nursing services of their health care organizations (Saba, 
Johnson, & Simpson, 1994).  In order to improve the health status and assure the 
safety and quality of the nursing care received by the population served by their 
health care organizations, nurse administrators integrate their management 
functions of planning, organizing, leading and controlling with their three public 
health nursing functions of assessment, policy development, and assurance. 
With prevention as the goal of nursing; and with the three core functions and the 
essential public health services as a framework for nursing service 
administration, the nurse administrators, enabled by the availability of relevant, 
reliable, and timely information, execute the four main tasks of management: 
planning, organizing, leading, and controlling as follows.  
When performing the task of planning, the nurse administrator defines the 
mission, goals and objectives of the nursing service based on the mission and 
values of the organization, the values of the nursing profession and the public. 
Using the relevant biomedical, epidemiologic, biostatistical, social, and economic 
information, the nurse administrator maps out interventions to promote health; 
and to prevent diseases, disabilities, and injuries among the population of 
patients that their organization serves.  When performing the task of organizing, 
the nurse administrator arranges and coordinates human, material, financial, 
and information resources to achieve these desired public health goals. When 
performing the task of leading, the nurse administrator uses surveillance 
information to motivate others to achieve public health goals. When performing 
the task of controlling, the nurse administrator uses surveillance information to 
measure performance, monitor, and evaluate the progress towards the 
achievement of public health goals and objectives. Given this dependence on 
information to perform their responsibilities, it can be seen that effective 
nursing administration hinges on the availability of effective and efficient 
management information systems to provide timely assistance to nurse 
administrators when they are performing these major tasks of planning, 
controlling, and operating their health care organizations (Saba & Levine, 1978). 
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The Practice of Public Health by Nurse 
Administrators in Singapore 
 
In Singapore, licensed health care organizations are required to have a nursing 
service under the supervision and direction of a registered nurse and should 
comprise of adequate number of competent nurses to meet the nursing care 
needs of the patients (Section 26(1), Nursing Services, Private Hospitals and 
Medical Clinics Regulations of 1993). The nurse administrators, as members of 
the organization-wide quality assurance committee, are expected to execute the 
following steps with regard to assuring the quality and safety of the nursing care 
provided by their organization: (a) monitor and evaluate the quality and 
appropriateness of services provided and the practices and procedures carried 
out; (b) identify and resolve problems that may have arisen in connection with 
any service provided or any practice or procedure carried out; (c) make 
recommendations to improve the quality of the services provided and the 
practices and procedures carried out;  and (d) monitor the implementation of 
the recommendations made under item c (Section 12A, Quality Assurance 
Committees, Private Hospitals and Medical Clinics Regulation of 1993).  
For the nurse administrators of nursing homes, the Guidebook for Nursing 
Homes (Ministry of Health, 1993) contains further details on their public health 
functions. The needs assessment function include: (a) assisting the 
Administrator/ Executive Director in identifying new programs for the residents 
and special projects to meet any service gaps; and (b) analyzing trends and the 
changing needs of the residents in institutional settings. The policy development 
function include: (a) planning the nursing care of the residents based on the 
analyses of changing trends; and (b) drawing up short and long-term plans 
(annual and five-yearly plans) to accommodate trends in residential nursing 
care. The assurance function include: (a) staff training and development; (b) 
coordinating and monitoring the smooth transition of the residents from acute 
to chronic care and back to the community, where possible; (c) ensuring service 
quality and cost-effective services are maintained and enhanced where 
necessary; and (d) conducting audits and ensuring compliance of all nursing 
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standards as stipulated by the Ministry of Health and the Singapore Nursing 
Board. 
 
The Intermediate and Long Term Care Information 
System (ILTC-IS) 
 
To enable the execution of the above public health activities by the ILTC 
institutions, nurse administrators need information on the epidemiology of 
quality in general (Donabedian, 1985) and the nurse-sensitive patient care 
events in particular. In May 2009, the Intermediate and Long Term Care 
Information System (ILTC-IS) was implemented to enable the data collection of 
(a) nurse staffing and staff development practices being implemented by the 
various ILTC organizations (i.e., structure standards); (b) the incidence of 
clinical events that are sensitive to nursing interventions (i.e., outcome 
standards); and (c) the risk factors, other than nurse staffing, for these nurse-
sensitive events. 
Requirements gathering to enhance the analytical and information 
dissemination function of the ILTC-IS is an ongoing process. Currently, there is a 
need for practical knowledge and insights that will inform how to enhance the 
nursing minimum dataset and the public health nursing informatics and data 
analytics features of the ILTC-IS.  
In designing, developing, and sustaining information systems, there is an 
increased awareness that the technology involved is only part of the total 
system, and that the user is an important element.  It is posited that information 
systems would be most effective if their design is informed by an understanding 
of the information behavior of their intended users. Studies of information 
behavior can inform computer scientists, system analysts, managers of 
information systems, and designers of healthcare management, clinical and 
public health information systems to implement a user-centered information 
system.  
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However, it has been noted that information systems have been designed and 
widely used almost completely unaffected by the results of studies in human 
information behavior, hence, calls have been made to examine how human 
information behavior research could inform design (Corcoran-Perry & Graves, 
1990; Fidel & Pejtersen, 2004).  
From a nursing perspective, knowledge of the patterns of computer use in the 
context of nursing roles and task requirements will be useful in improving the 
technical features of computerized information systems to support the work 
processes of nurses (Ngin & Simms, 1996). There is paucity, however, of 
research on the public health related information behavior of community-based 
nurse administrators such as the ILTC nurse administrators that could inform 
the development of information systems. In view of this, the current 
participatory action research investigated the ILTC nurse administrators’ 
information needs, information-seeking, and information-use behavior in 
relation to the ILTC-IS. 
 
Significance of the Study 
 
Singapore has the world’s third-fastest ageing population and by 2030, 19% of 
the population of Singapore will be aged 65 and above (Williams, 2013). This 
demographic trend presents a public health nursing challenge to the ILTC nurse 
administrators who are responsible for protecting the health and ensuring the 
safety of the elderly population of Singapore that are utilizing the healthcare 
services of the ILTC sector of the Singapore healthcare system. 
 
Organization of the Thesis 
 
This thesis consists of 9 chapters. This chapter provided the context of the public 
health information behavior of nurse administrators by expounding on the 
public health-related work tasks of nurse administrators based on the nature of 
public health practice and its three core functions to promote the public’s health. 
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The chapter also highlighted the key role of information for the effective and 
efficient performance of these core functions of public health by the nurse 
administrators of the ILTC sector of the Singapore health care system; and the 
fundamental role that health information systems play as the foundation of the 
public health practice of the nurse administrators.  
The chapter stressed the need for practical knowledge on the information 
behavior of users of information systems in order to inform the design, 
development and implementation of health information systems; and identified 
the current knowledge gap on the public health related information behavior of 
community-based nurse administrators such as those in the ILTC sector, hence 
the need to conduct this current participatory action research. The rest of the 
thesis is organized as follows: 
Chapter 2 presents the review of the literature that informed the formulation of 
the Villanueva-Lim Public Health Information Behavior Model (Villanueva-Lim 
PHIB Model). This model summarized the theoretical underpinnings for the 
current study; and guided the implementation of the present participatory 
action research and the hypotheses testing of the predictors of the public health 
information behavior of nurse administrators.   
Chapter 3 focuses on the research methodology and describes the study design 
and implementation. 
Chapter 4 covers the discussion of the development and evaluation of the 
psychometric properties the measurement scales used to measure the predictor 
variables in the present study. 
Chapter 5 presents the profile of the ILTC nurse administrators that participated 
in the present study. The chapter also presents the findings on the information 
needs of ILTC nurse administrators when carrying out the three core functions 
of their public health practice: (a) needs assessment; (b) policy development; 
and (c) assurance.   
Chapter 6 presents the findings on the information seeking paths of ILTC nurse 
administrators, including the barriers and facilitators they encounter when 
seeking information from the ILTC-IS to carry out needs assessment, policy 
development, and assurance.   
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Chapter 7 presents the findings on the degree of use by the ILTC nurse 
administrators of the information contained in the ILTC-IS when they perform 
their three core public health functions.  The chapter also discussed the 
hypothesis testing carried out by the present study and the development of 
three models that explain the use of the ILTC-IS by ILTC nurse administrators for 
(a) needs assessment; (b) policy development; and (c) assurance respectively.  
Chapter 8 presents the discussion of the findings of the repeat measurements 
following the action phase of the study. The chapter also discusses the observed 
change in the information behavior of the ILTC nurse administrators and the 
change in the scores in the predictor variables. 
Finally, Chapter 9 presents the evaluation and reflections of the findings of the 
current study, including the implications to the design of clinical and public 
health information systems. The chapter also discusses the strengths and 
limitations of the study and the recommendations for the future cycles of 
participatory action research that will follow the present one. 
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This chapter presents the review of the literature and is divided into the 
following sections: (a) the strategy and results of the search for the relevant 
empirical studies on the information behavior of nurses; (b) the strategy and 
results of the search for the literature on the theoretical approaches to the study 
of information behavior and the design of information systems; and (c) the 
proposed Villanueva-Lim Public Health Information Behavior Model (Villanueva-
Lim PHIB Model) that was developed based on the review of the literature. This 
conceptual framework informed the methodology for the present study (which 
is presented in Chapter 3) and hypotheses testing (which is presented in Chapter 
7). 
The investigator conducted the literature review and analysis in two phases.  
First, the investigator accumulated the relevant articles by conducting a search 
for literature that meets the following inclusion criteria: (a) empirical literature 
on the information behavior of nurses; and (b) literature on theoretical 
approaches to the study of information behavior that are relevant to the study of 
the information behavior of nurse administrators and the design of information 
systems. Second, a critical appraisal of the literature was carried out by the 
investigator to identify what are the predictors, barriers and facilitators that has 
been found by previous studies that can inform the development of the 
conceptual model that will be used for the current investigation of the public 




Review of Relevant Studies on Information Behavior 
of Nurses 
 
This section covers the review empirical studies that have relevance to the 
public health related information behavior of nurses. It traces the beginning of 
the development and use of information systems by nurses to promote public 
health in healthcare organizations and discusses the results and limitation of 
previous studies on the information behavior of nurses. Based on the review, the 
section identifies current knowledge gap on the public health related 
information behavior of nurse administrators and discusses the need to conduct 
research in this field in order to improve the public health nursing informatics 
component of the ILTC-IS. 
Nurses play a critical role in patient care and in the support of clinical decision 
making throughout the care continuum. In addition, nurses play a central role in 
direct safety surveillance at the point of care (Page, 2004).  As the biggest group 
of health professionals, it has been argued that it is crucial to support the 
information needs of nurses and to better facilitate their information behavior 
(Yu et al, 2008).  Yet, the result of the search for literature to be reviewed 
showed that there is a paucity of research on the information behavior of nurses 
in general and nurse administrators in particular. 
Search Strategy 
The literature published between the periods 2000 to March 2013 was searched 
for relevant literature on the information behavior of nurses. The following 
electronic databases that cover primarily the literature of the disciplines of 
nursing and information science were searched: (a) Pub Med; (b) CINAHL; (c) 
Library Information Science and Technology Abstracts; (d) PsycINFO; (e) JSTOR; 
(f) Communication and Mass Media Complete; and (g) Communication Abstracts. 
The following search terms were used “information seeking” AND “nurses”; 
“ABinformation seeking# AND ABnurses#”; “ABinformation behavior# AND 
ABnurse#”; ABnurs* AND information seeking behavior*”; “ABnurs* AND 
ABinformation need”; ABnurs* AND ABinformation”; and ABnurs* AND AB 
information use”.  
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Using all the above search processes, a total of 224 literature were found, of 
which 14 were duplicates. A total of 29 were found relevant after title and 
abstract review. A total of 7 additional relevant literature published before 2000 
were also found by serendipity.  However, of the 36  literature,  only 12 met the 
inclusion criteria after detailed content review: (a) Allen (1991); (b) Corcoran-
Perry and Graves (1990); (c) Henry (1995); (d) Huber, Delaney, Crossley, 
Mehmert and Ellerbe (1992); (e) Lee, Giuse and Sathe (2003); (f) Revere et al. 
(2007); (g) Turner, Stavri, Revere, and Altamore (2008); (h) Werley, Devine, 
Zorn, Ryan, and Westra (199l); (i) Saba and Levine (1978); (j) Saba, Johnson, and  




Collectively, these  12  relevant literature reported on the following: (1) 
information needs for patient care and administration of nursing services; (2) 
regulatory requirements determine information behavior; (3) work roles and 
tasks determine information behavior; (4) organizational characteristics 
determine information behavior; and (5) competence in the topic of the work 
tasks determine information behavior. 
 
Information needs for patient care and administration of 
nursing services 
During her time, Nightingale pioneered public health informatics through the 
development of statistical graphs for outcomes assessment. She advocated 
adopting a statistical system incorporating nurses' daily observations of 
patients, in addition to their diagnostic, treatment, and demographic data, in 
order to enable the systematic monitoring of nursing care delivery and patient 
care outcomes (Saba et al., 1994).  
About one hundred fifty years from then, although nursing has not adopted a 
standardized set of clinical data elements (Huber, et al., 1992), Werley, et al. 
(1991) proposed a nursing minimum data set to enable the integration of public 
health and clinical nursing data across the continuum of care. They state that the 
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nurse leaders observed that the data required in public health setting could not 
be linked with those from other areas of nursing practice, resulting in the 
fragmentation of the documentation on nursing care of patients. Recognizing 
that proper and accurate documentation of care across the continuum of care 
facilitates the continuity of care provided to clients, the Nursing Minimum Data 
Set (NMDS), which is said to the first attempt to standardize the collection of 
essential comparable core nursing data, was proposed to address this 
information gap. The NMDS was  developed consensually through the efforts of a 
national group of 64 experts in the United States of America (USA), comprising of 
nurse experts in a variety of areas; health policy spokespersons; information 
systems, health data, and health records specialists; governmental and 
proprietary agency personnel; and persons knowledgeable about the 
development of the previous minimum health data sets. Werley and Lang (cited 
in Werley et al., 1991) stated that as nurses in public health, and in other 
practice areas discuss the value and necessity of a minimum data set, it is 
fundamental to note that the NMDS, along with its elements and definitions  
constitutes a minimum set of nursing’s essential core data. 
The NMDS is described as a uniform standardized database that provide linkage 
across care settings (public health and clinical) and will allow for the grouping 
and comparison of nursing data collected across various populations, settings, 
geographic locations, and time. The NMDS consists of a minimum set of items of 
information with uniform definitions and categories concerning the specific 
dimension of nursing. With these features, the NMDS was envisioned to provide 
an accurate description of nursing diagnoses, nursing care, and nursing 
resources used, enabling public health nurses to use it for their practice, as well 
as for comparing  nursing care and resource consumption across other settings, 
and hence would provide linkage to across care settings. The use of the NMDS 
was envisioned to enhance the management of data, not only in the hospital, but 
also across the various care settings to meet the following objectives: 
1. Establish the comparability of nursing data across clinical 
populations, settings, geographic areas, and time; 
2. Describe the nursing care of clients and their families in a variety of 
settings; 
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3. Demonstrate or project trends regarding nursing care provided and 
allocation of nursing resources to individuals or populations 
according to their health problems, or nursing diagnoses; 
4. Stimulate nursing research using the NMDS elements alone, as well 
as through links to the more detailed data existing in nursing and 
other health care information systems; and 
5. Provide data about nursing care to influence and facilitate health 
policy and decision making. (Werley, et al., 1991, p. 423). 
It was also during this pioneering effort that the vision for nursing data being 
linked with other health care information systems through the use of the NMDS 
that is built upon Uniform Minimum Health Data set was born. It was envisioned 
that the data linkage will (a) enable the detection of trends in nursing care 
practices and resource allocation; and (b) to make nursing data also useful to 
other health professionals and researchers. 
With regard to public health practice, Werley et al. (1991) stressed that both 
public health nurses and nurse administrators have the responsibility for 
implementing the NMDS. To this end, Williams (1991) point to the need for 
public health nursing to focus on enhancing the nursing care elements of the 
NMDS, particularly in describing basic aspects of practice and in influencing 
health policy. In addition to work on each of the nursing care elements, Williams 
(1991) highlight that efforts of public health nurses should also include the 
following: (a) expedite accurate documentation by providers; (b) computerize 
data; (c) link information across care settings; and (d) retrieve information. 
Williams (1991) conclude that these goals of (a) computerizing of accurate data 
nursing care elements of the NMDS; and (b) timely and retrievable data are 
consistent with the leadership role of public health nursing specialists in the 
design, development, management, monitoring and evaluation of population 
focused health care systems. 
 
 15 
Regulatory requirements determine information behavior 
Among the literature reviewed, regulatory requirements arising from legislation, 
financing, and accreditation are mentioned as a determinant of the information 
needs and development of information systems to meet this need (Henry, 1995; 
Huber et al., 1992; Saba & Levine, 1978). 
According to Saba and Levine (1978), in the USA, management information 
systems have emerged as a vital tool for the provision of efficient and effective 
patient care by public health and community health agencies in response to 
regulatory requirements. Saba and Levine (1978) point out that since 1965, 
federal legislation had a great impact on the information requirements of public 
health agencies. They discussed that among the various legislative pieces that 
made an impact to the data requirements of nurse administrators in the late 
1970’s include: (a) requirements of the Medicare and Medicaid programs under 
the Social Security Amendments of 1965; (b) the National Health Planning and 
Resources Development Act of 1974; and (c) the Nurse Training Act of 1975. The 
Medicare and Medicaid programs have required specific information for 
reimbursement by third-party payers. The National Health Planning and 
Resources Development Act of 1974 modified and expanded the role of area 
wide planning by health systems agencies in the USA and required these 
agencies to assemble and analyze data on an area’s health resources. This Act 
placed additional responsibility on public health and community agencies to 
establish data systems that are responsive to the planning activities of health 
system agencies. The Nurse Training Act of 1975 encouraged the 
systematization and computerization of information on nurse manpower supply, 
distribution, and requirements by the Federal Government in order to submit 
annual reports to the US congress with regard to this matter.  
Saba and Levine (1978) point out that collectively, the various regulations made 
management information systems essential in public health and community 
agencies in the USA for four major reasons: (a) the need for more information for 
determining the quantity, quality and cost-effectiveness of health care services; 
(b) the need for agencies to receive reimbursement from third-party payers as 
quickly as possible; (c) the need to provide data to satisfy requirements of 
federal and state legislation; (d) and the need to plan, control, and organize 
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information for advocating productivity, predicting resource requirements, and 
arriving at meaningful program evaluations. In response to these four factors, 
four basic modules of the management information system that was developed 
for public health nursing include the following: (a) statistical information 
module; (b) billing information module; (c) patient assessment module; and (d) 
community health service evaluation module. Saba and Levine (1978) describe 
the content of these modules as follows.  
The statistical module consists of two types of data: visit information and patient 
information. On the one hand, the visit information is nurse-centric and focuses 
on the nurse as a health care provider. Information obtained about each nursing 
activity for a given day is incorporated into a “daily activity sheet”. On the other 
hand, the patient information focuses on information collected on each patient 
on certain day and entered into a “report service” form. The billing information 
facilitates the production of billing, accounts receivable and other kinds of 
financial data.  The patient assessment module tracks patients’ progress 
longitudinally, from initial encounter to assessment, diagnostics, treatment, 
discharge and post-discharge follow-up. Finally, the community health service 
evaluation module provides summaries on the significant health characteristics 
and health status indicators of a population as a basis for auditing and evaluating 
the quality of an agency’s nursing practice.  
The literature also point regulation through accreditation as a determinant of 
the development of information systems.  According to Henry (1995), in view of 
the introduction of  health care reforms and managed care in the USA, healthcare 
organizations are faced with increasing demand for information about the 
quality and cost of health care services for internal quality management and for 
external reporting to regulatory agencies such as the accrediting body Joint 
Commission on Accreditation of Healthcare Organizations (JCAHO), the financing 
agency Health Care Financing Administration (HCFA), and third-party payers 
such as the Health Plan Employer Data and Information Set (HEDIS).   
In the early 1990’s, the Joint Commission on Accreditation of Healthcare 
Organization recognized the importance of information management to the 
functioning of the health care organization and incorporated continuous quality 
improvement and information management principles amongst its standards for 
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accrediting healthcare organizations (Henry, 1995). Congruently, Huber, 
Delaney, Crossley, Mehmert and Ellerbe (1992) point to JCAHO’s emphasis on 
linking management outcomes and patient outcomes as a key driver for the 
development of computerized information systems.  
Building on Werley et al.’s (1991) nursing minimum data set, Huber, et al. (1992) 
identified a nursing management minimum data set (NMMDS) that will meet the 
information need of nurse administrators to make internal management 
decisions and at the same time enable the comparison of the effectiveness of 
nursing care across institutions and regions.  
Huber et al. (1992) point out that the NMDS proposed by Werley et al. (1991) 
does not provide enough information to evaluate the financial and clinical 
management of nursing delivery. To fill in these data gaps, they propose an 
NMMDS that specifically identifies variables essential to nurse administrators 
for decision making about nursing care effectiveness. These variables consist of 
two major groups of data elements: (a) data elements about each nursing unit; 
and (b) data elements about the institution. Huber et al. (1992) contend that 
within a relational database system, the NMMDS has the potential to link to and 
augment the other minimum health data sets by providing information uniquely 
important to nursing administrative decisions, and thus the evaluation of the 
cost and quality of nursing services. They submit that the development of 
uniform data sets, including the use of standardized language would greatly 
enhance the collection, retrieval and analysis of nursing data for internal and 
external benchmarking (Huber et al., 1992). 
 
Work roles and tasks determine information behavior 
Ngin and Simms (1996) conducted a mixed method study using survey and focus 
group discussions to examine the computer use of 528 nurses in three urban 
teaching hospitals and compared nurse managers with staff nurses on the time 
they spent at the computer and systems frequently used for work 
accomplishments. They found that although there was striking similarity in the 
systems used, nurse managers had significantly greater access to computers and 
technical support. These authors observed that patterns of computer use among 
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nurses differ based on their computer skill, task demands, unit culture, and the 
roles they occupy. In particular Ngin and Simms (1996) recommended that 
managers of computerized information systems designed to improve the work 
accomplishments of nurses need to consider the differences in the patterns of 
computer use among nurses in the context of nursing roles and tasks 
requirements.  
Turner, Stavri and Revere (2008) conducted a qualitative study to identify and 
assess the information needs and resources of public health nurses at 1 of the 34 
local health departments in rural Oregon, USA. In particular, Turner et al. (2008) 
investigated the information needs and information behavior of these nurses in 
relation to their roles, job positions, and work-related tasks. This study found 
that local health department nurses occupy a variety of positions and perform a 
variety of tasks that require them to be knowledgeable in a wide range of health 
areas. The authors reported that information need of the public health nurse 
studied differed, depending on their positions and work tasks. 
 
Organizational characteristics determine information 
behavior 
Although the seminal work of Corcoran-Perry and Graves (1990) in studying the 
information behavior of cardiovascular  nurses did not report the impact of the 
organizational characteristics on the variation in information behavior, they 
have recognized the effect of organizational characteristics to information 
behavior by being deliberate in their choice of study setting. The investigators 
tapped variation due to setting, environment, and time characteristics by 
collecting data across coronary care units (CCU) and coronary step-down units 
(CSU) in three hospitals and in one coronary care rehabilitation unit (Corcoran-
Perry & Graves, 1990). Other studies reviewed report that organizational 
characteristics and context are determinants of the success of informatics 
interventions in healthcare organizations (Ash, 1997; Brear, 2006; Kimberly & 
Evanisko, 1981; Lorenzi, Riley, Blythe, Southon, & Dixon, 1997). This set of 
literature point to two main characteristics of the organization that have an 
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impact on the use of information technology: (a) information technology 
architecture; and (b) organizational culture. 
With regard to the impact of information technology architecture to the use of 
information technology, Timmons (2003) conducted a qualitative nursing 
research from a sociological perspective that identified the sources of resistance 
to the adoption of information technology in three UK NHS hospitals.  Timmons’ 
(2003) study focused on the use of computerized systems by nurses for the 
production of detailed care plans of hospital inpatients. The thematic analyses of 
the qualitative interviews conducted by Timmons (2003) indicate organizational 
characteristics, i.e., the lack of available computers due to financial constraints, 
as a key barrier to the use of information system for care planning.  
A similar finding was reported by Turner et al. (2008). They reported that one of 
the most important findings in their study is the need of public health nurses for 
basic computer and Internet access, which they state is consistent with studies 
evaluating the information needs of rural health professionals. Among others, 
the nurses report that their lack of computers and high speed Internet access 
dramatically limited their (a) use of email and online resources; (b) tracking and 
monitoring of patients; and (c) checking the scheduling system for clients; and 
(d) tracking patient referrals from health care providers in the community. In 
particular, in terms of statistical information, the local health department 
director (who was a nurse) wanted easy-to-use statistical software to prepare 
community health assessments and quarterly reports for the county board of 
commissioners. Lee, Guise and Sathe (2003) carried out a study to investigate 
the data needs of public health officials in order to promote access to data 
repositories and communication tools. At the time they were carrying out their 
study, the authors described that public health in the USA was still plagued by an 
underuse of information and technology; and the literature regarding public 
health information needs and information-seeking behavior is in its infancy. Lee 
et al. (2003) highlighted that a key barrier to information use, communication 
and decision making by the public health officials is the lack of IT infrastructure.  
In addition to the information technology infrastructure, the literature indicated 
that the culture of the organization is also a determinant of information behavior 
(Ngin & Simms, 1996). Organizational culture, which is defined as the set of 
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shared norms, values, and tacit rule, is an important determinant of the way the 
organization functions (Lorenzi et al, 1997). Brear (2006) therefore suggested 
that “It is necessary to identify and target the aspects of organizational culture 
presenting opportunities for and barriers to success when changing the 
organization through an informatics intervention” (p. 412). 
 
Competence in the topic of the work task determines 
information behavior 
 In 1991, Allen investigated the effect on knowledge level on a topic to the 
information behavior of library users.  Allen (1991) placed participants 
composed of students in a one-hour simulated information retrieval tasks 
designed to elicit expression of their information need on a specific topic, 
“planetary exploration”.  The 60 participants were divided equally into two 
groups: (a) those with high level of topic knowledge; and (b) those with low level 
of topic knowledge. To establish their level of knowledge on planetary 
exploration, Allen (1991) asked the participants to complete a twelve multiple-
choice test. Allen (1991) reported that high knowledge users employed more 
search expressions as compared to low-knowledge users. 
Vakkari (2001) also argued that domain knowledge influences information 
searching behavior. In collaboration with colleagues (Vakkari, Pennanen & 
Serola, 2003), Vakkari carried out a study on the search behavior of psychology 
students and reported that as students learn more about their topic, there was 
an observed change in their information-searching behavior towards the use of 
wider and more specific vocabulary. 
Zhang, Anghelescu and Yuan (2005) also investigated the effect of domain 
knowledge on the information searching behavior. Using domain knowledge in 
heat and thermodynamics in engineering and physics as a topic, Zhang and 
colleagues (2005) explored how the amount or level of knowledge in this 
particular field would impact the information user’s search behavior when using 
an electronic library system. In this study, Zhang and colleagues (2005) grouped 
the twenty-two engineering student participants into two groups: (a) 
undergraduate students representing less knowledgeable group; and (b) post-
 21 
graduate students representing more knowledgeable group. They reported that 
although not statistically significant, their findings were consistent with the 
findings of previous studies (Allen, 1991; Vakkari, Pennanen, & Serola, 2003; 
Wildemuth, 2004) that the level of domain knowledge has an effect on search 
behavior.  In particular, Zhang and colleagues (2005)  report that as the level of 
domain knowledge of the user increases, the user tends to do more searches or 
queries and to use more terms in queries to search for the relevant documents. 
Similarly, in an investigation into the search behavior of 77 medical students 
over nine months when searching a factual database, Wildemuth (2004) 
reported that the search tactics of the medical students changed over time as 
their knowledge about Microbiology changed. 
In summary, this section presented the evidence based on the review of 
literature that the determinants to the use of information systems include the 
following: (a) nurses’ job role; (b) tasks competency; (c) organization culture; 
and (d) regulatory environment. The result of the literature review also pointed 
to the critical role of training in public health informatics and the availability of 
information technology infrastructure, such as computers, statistical software 
and access to Internet, in enabling the easy and rapid access to public health 
information by nurses and the analysis of public health related data sets. Finally, 
the review highlights that the design of information systems should be based on 
the information needs and information seeking behavior of nurses to optimize 
their execution of public health functions. The review also highlights the need to 
study the information behavior of nurse administrators with due consideration 
of the context of the information need and to view the nurse administrators as 
persons-in-context who face intervening variables that facilitate or limit their 
public health related information behavior.  
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Review of Approaches to the Study of Information 
Behavior and the Design of Information Systems 
 
This section covers the review of relevant theoretical approaches to the study of 
information behavior and their recommendations on how knowledge of 
information behavior can inform the design of information systems. 
The study of information behavior has its roots in user studies area of 
librarianship. Its origin is traced back to the Royal Society Scientific Conference 
in 1948 when a number of papers on the information behavior of scientists and 
technologists were presented (Wilson, 1994; 1999). Information research then 
focused on documents and library use and revolved around library users of a 
single institution, source, and channel. From user studies onwards, the 
pragmatic goal of improving the access of users to information has been one of 
the goals of information behavior research. Recently, studies on information 
behavior include beyond the use of library services, encompassing many 
different ways of acquiring information in very varied situations (Järvelin & 
Ingwersen, 2004). Beginning in the 1990s, the number of studies between tasks 
that generates the information need and information searching to meet those 
needs through electronic databases has also grown (Vakkari, 2003). This shift in 
the focus of research in information behavior is evident in the work information 
professionals such as Belkin (Cited in Vakkari, 2003) who studied the 
information-searching behavior of library users to guide the design of 
computerized library catalogues.  
Pettigrew et al. (2001) observed that for the field of information behavior, the 
challenge remains to provide guidance for systems design.  Given this 
observation, Pettigrew et al., (2001) recommend, “To create working systems 
that are truly user-centered and that reflect the foundations of information 
behavior theory, greater dialogue and collaboration are sorely needed between 
theorists of information behavior and designers of information system” (p.  68).  
Given the focus of the present study, the investigator searched and reviewed the 
literature on the theoretical development of information behavior in relation to 
the design and development of information systems to meet information needs 
of users in relation to work task performance.  
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Search Strategy 
The literature on information behavior is voluminous.  An ABI/ INFORM trawl 
search using the term “information behavior” and the related terms “information 
behaviour”, “information seeking”, “information searching” and “information 
use” yielded  more than 2500 documents as at March 2013. However, except for 
the paper of Corcoran-Perry and Graves (1990) there is a paucity of research 
that focus on the theoretical approaches to the study of the information behavior 
of nurses and the design of work related information systems.  Case (2002) 
explains that although nurses are much more numerous than physicians, they 
did not receive much attention from researchers of information behavior, until 
recently.  
In addition to electronic databases that cover the literature of information 
science (i.e., Library Information Science and Technology Abstracts, ProQuest, 
Communicaton Abstracts, and Communication and Mass Media Complete), the 
journals that typically publish articles on information behavior were also 
searched for relevant literature (McKechnie, Goodall & Lajoie-Paquette, 2005). 
These journals include the Annual Review of Information Science and 
Technology (ARIST), the  Bulletin of the Medical Library Association, the Journal 
of the American Medical Informatics Association (JAMIA), the Journal of the 
American Society of Information Science (JASIS), the Journal of Documentation, 
the Journal of Information Science, the Bulletin of the American Association of 
Information Science and Technology, Information Processing and Management, 
Information Research, Online Information Review, Library and Information 
Research, the Library Quarterly, Medical References Services Quarterly. 
Additional relevant literature was found by serendipity. The titles and abstracts 
of 40 literature found using the above methods were examined. A literature was 
included for content review if it meets the inclusion criteria that it discusses the 
theoretical approach to the study of information behavior and is able to inform 
the development of a conceptual model to develop the public health related 
information behavior of nurse administrators.   
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Results 
The literature discuss various approaches to the study of information behavior. 
Of relevance to the current study that focus on the public health related 
information behavior of ILTC nurse administrators are the following 4 
approaches: (a) the cognitive approaches to the study of information behavior 
which include Wilson’s (1981) and Vakkari’s (2003) models; and (b) approaches 
to using studies of information behavior to inform the design of information 
systems which include the cognitive work analysis of Fidel and Pejtersen (2004) 
and the systems approach by Johnstone, Bonner and Tate (2004).  
The cognitive view model 
Dervin and Nilan (1986) called for studies on information behavior to be person-
centered as opposed to information system–centered alone which led to the 
development of cognitive approaches to assessing information needs and uses.  
The cognitive viewpoint is defined as an approach and set of constructs for 
understanding information behavior which focuses fundamentally upon 
attributes of the individual.  This view of information behavior endorses 
research that examines the cognitive and emotional motivations for information 
behavior that carry across contexts or are independent of context.  At the heart 
of the cognitive viewpoint rests the concept of knowledge structures (i.e., the 
sets of concept relationships that comprise each individual’s model of the world) 
which the cognitive approach views as a mediator of an individual’s information 
behavior (Pettigrew, Fidel & Bruce, 2001). Hence, information behavior research 
that applies the cognitive viewpoint would be interested in studying how an 
individual apply his or her model or view of the world to the process of needing, 
seeking, giving and using information.  Among the information scientists that 
used the cognitive approach to investigating information behavior are Wilson 
(1981; 1999; 2000; 2007); and Vakkari (1997; 2003). 
Wilson’s model of information behavior 
Wilson (1981; 2007) developed an overarching model of information behavior 
which can be used for investigating information-seeking behavior in relation to 
information system design and development. Wilson’s overarching model 
(1981) suggests a three-fold view of information seeking: (a) the context of the 
seeker, (b) the system employed which might be manual or machine and 
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navigated either personally or by an intermediary;  and (c)  the information 
resources that might be drawn upon – all of which are shown to exist within a 
universe of knowledge.  Wilson’s model (1981) consists of the following 
features: (a) user’s life world; (b) information systems; (c) information sources; 
and (d) information-seeking paths.  
In addition to developing the above model on information-seeking, Wilson 
(1981; 1997), developed a complementary conceptual framework which 
indicates the intervening variables to information-seeking behavior, namely: (a) 
personal; (b) interpersonal; and (c) environmental. In addition to these, Wilson 
(1981) posits that the search for determining the factors related to needs and 
information seeking behavior must be broadened to include aspects of the 
environment within which the work-role is performed. Wilson (1981) explains 
that in addition to the immediate environment and its “climate”, the socio-
cultural environment, the politico-economic environment and the physical 
environment would also have an impact in particular ways.   
At the current stage of theory development of information behavior, there is 
room to build on previous models and develop updated information behavior 
models by narrowing the context of information behavior research. It is argued 
that in order to uncover the determining factors of information behavior, there is 
a need to undertake in-depth studies of well-defined categories of persons, 
develop explanatory concepts, and then test these concepts in related but 
different settings (Wilson, 2007). The present study studied investigated the 
information behavior of ILTC nurse administrators; a well defined group of 
information users to meet their information needs to carry out specific tasks in 
relation to their public health functions. 
Vakkari’s model of task-based information behavior 
Tasks are seen as primary contextual shaping influences in numerous studies 
involving workplace settings (Courtright, 2007). This current research 
investigated the information behavior of ILTC nurse administrators in relation to 
the performance of the three major tasks of public health practice, i.e., needs 
assessment, policy development, and assurance through manpower planning. 
The rationale for investigating task-based information behavior involves the 
phenomenon that individuals use information systems to find information that 
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helps them carry out their daily tasks, hence, our understanding of information 
searching is only partial if we are not able to connect aspects of information 
searching to the related task (Vakkari, 2003).  
Cognitive work analysis model 
Fidel and Pejtersen (2004) point out that the focus of Cognitive Work Analysis is 
on analyzing the constraints in a particular context, that is, the factors that affect 
work and information behavior. They explain that in Cognitive Work Analysis 
framework, constraints are the given parameters within which actors operate, 
and, as such, they are enablers of action, and that without them, action cannot 
take place.  Fidel and Pejtersen (2004) expound that Cognitive Work Analysis 
assumes that in order to be able to design systems that work harmoniously with 
humans, one has to understand: (a) the work actors do, (b) their information 
behavior, (c) the context in which they work, and (d) the reasons for their 
actions.  As such, according to Fidel and Pejtersen (2004), Cognitive Work 
Analysis focuses simultaneously on the task actors perform and the environment 
in which it is carried out. They explain further that this holistic approach 
provided by the cognitive work analysis framework makes is possible to account 
for the evaluation and design of information systems with due consideration of 
the personal and organizational context. 
Systems approach 
According to Johnstone et al. (2004), very little attention has been paid in 
Information Systems (IS) research to human information behavior.  They 
observed that an information technology-based approach to IS research 
emphasize the functional capabilities of the information technology available 
and makes it difficult to see where human information processing, beyond 
interaction with the information technology-based system, naturally fits in. 
Johnstone et al. (2004) point out that this technology-centered approach creates 
a gap between production of information by computer systems, and the 
purposeful use of information by users.   In view of this, Johnstone et al. (2004) 
argued that incorporating human information behavior into their proposed 
systems model could fill this gap.  They explain that this systems model 
conceptualizes both human information work (user-centered paradigm) and 
information systems (system-centered paradigm) as sub-systems within an 
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organizational context, allowing the exploration of their inter-relationships, 
while preserving the flexibility of the use of the two different paradigms to 
analyze the internal behavior of each.  
 
Villanueva-Lim Public Health Information Behavior 
Model  
 
Based on the literature review, what was lacking was an appropriate conceptual 
framework to study the public health information behavior of nurse 
administrators for use in Singapore context. To fill this gap, the proposed 
Villanueva-Lim Public Health Information Behavior Model (Villanueva-Lim PHIB 
Model) (see Figure 1) was developed based on the review of literature. The 
Villanueva-Lim PHIB Model suggests that intervening variables are present in all 
the stages of information behavior (i.e., needing, seeking, searching, and using). 
These intervening variables include those arising from (a) the enquiring 
person’s self, (e.g., the person’s competency in public health and public health 
informatics); (b) the enquiring person’s work role; and (c) the enquiring 
person’s internal and external work environment. Specifically, the Villanueva-
Lim PHIB Model was applied in the current study to investigate the information 
behavior of ILTC nurse administrators as they carry out the tasks associated 
with the three dynamic and iterative core functions of public health (i.e., needs 
assessment, policy development, and assurance through manpower planning) in 
the ILTC sector of the Singapore healthcare system.  
 
Predictors of the use of ILTC-IS for public health practice 
Adapting from the user-centered and person-in-situation approaches to the 
study of information behavior (Dervin &  Nilan, 1986; Ingrwersen,1996; Vakkari, 
1997; Vakkari, 2003; Wilson, 1981; Wilson, 1999; Wilson, 2007) in developing 
the Villanueva-Lim PHIB Model, the following personal, organizational and 
environmental predictors of  the use of the ILTC-IS were identified and 
investigated.  In line with Wilson’s (1981) suggestion to consider  “work role” 
and “performance level” in understanding information behavior; and the 
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findings of Ngin and Sims (1996),  Revere et al. (2007) and Turner et al. (2008),  
the Villanueva-Lim PHIB Model indicates  the following personal characteristics 
as predictors of the use of the ILTC-IS for needs assessment, policy development, 
and assurance through manpower planning by  ILTC nurse administrators: (a) 
job role; (b) competency levels in public health nursing practice as measured by 
the Public Health Nursing Competency Scale (PHNS); and (c) the competency in 
public health informatics as measured by the Public Health Informatics Scale  for 
Effective Information Behavior  (PHIS-EIB). 
Information behavior as task-based 
The Villanueva-Lim PHIB Model also depicts that in order to carry out their 
public health functions of needs assessment, policy development, and assurance 
to protect the health and ensure the safety of a population of patients, nurse 
administrators need to engage in information behavior to seek, search and use 
information as required by their specific tasks of needs assessment, policy 
development and assurance. This conceptualization of the public health related 
information behavior of nurse administrators was based on the following: (a) 
Vakkari’s (2003) contention that the activities and tasks performed by 
individuals that give rise to the information behavior should be considered when 
designing information systems; and (b) Fidel and Pejtersen’s (2004 ) argument 
that one has to understand: (a) the work actors do; (b) their information behavior; (c) 
the context in which they work; and (d) the reasons for their actions, in order to be 
able to design systems that work harmoniously with the information users. 
Vakkari (2003) recommends that ideally, a study should connect the task with 
the search process in order to analyze their interaction. Vakkari adds that this 
sort of study typically requires a longitudinal research design. Vakkari (2001) 
stresses that by understanding the task of the searchers, we will be able to create 
research results which will provide useful information for designing information 
systems.   
Following Vakkari’s (2003) recommendation, the double arrows in the 
Villanueva-Lim-PHIB Model suggest that information behavior is an iterative 
process to enable successful execution of the above functions. In addition, the 
model also depicts that the nurse administrator need to interact with 
information systems when they engage in information behavior. The double 
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arrow suggests that this engagement between the information behavior and the 
information system is iterative until the information need to carry out the public 
health functions is fulfilled. Based on this conceptualization, the current study 
investigated the information behavior of nurse administrator longitudinally, 
given the iterative, spiral and developmental nature of action research studies. 
The current study consists of (a) baseline fact-finding on the public health 
information behavior of ILTC-nurse administrators; (b) action planning; (c) 
implementation of action plans; and (d) repeat fact-finding on the public health 
information behavior of nurse administrators in order to evaluate the actions 




Figure 1: Villanueva-Lim Public Health Information Behavior Model (Villanueva-Lim PHIB Model)
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Information behavior as contextual 
The Villanueva-Lim PHIB Model depicts that information need is influenced not 
only by the personal characteristic of the user but also the organizational context 
and the regulations that are currently in effect. Following the person-in-situation 
approach to investigating information behavior, the Villanueva-Lim PHIB Model 
also indicates organization environment and culture as a predictor of the use of 
ILTC-IS by the ILTC nurse administrators for public health practice. In the 
present study, this is defined as the healthcare business analytics maturity of the 
organization.  
Finally, in terms of external environmental factors influencing the information 
use of the ILTC nurse administrator, the Villanueva-Lim PHIB Model identified 
regulatory environment as a predictor of the use of ILTC-IS by the ILTC nurse 
administrators for public health practice based on the observation of how the 
information requirements arising from legislative, financing, and accreditation 
requirements (Saba & Levine, 1978; Henry, 1995) had a great impact on the 
information behavior of health care organizations and public health agencies in 
the USA. In the case of the ILTC sector of Singapore, the relevant regulations will 
be (a) the Private Hospitals and Medical Clinics Act (PHMC Act) of 1999 which 
regulates the licensing of health care organizations in Singapore; (b) the Nurses 
and Midwives Act of 1999 that regulates nursing practice in Singapore; and (c) 
the Medical and Elderly Care Endowment Scheme Act (MECESA) of 2000 that 
regulates the financing of intermediate and long term health care services  
(termed as step-down care by the Act) by approved providers in Singapore.  
Conclusion 
This chapter reviewed the empirical literature on the information behavior of 
nurses and the theoretical literature on the various conceptual frameworks used 
to study information behavior. The review of the literature indicates a lack of 
conceptual framework to investigate information behavior of nurse 
administrators. In view of this, the Villanueva-Lim Public Health IB Model was 
developed based on the review of the literature to serve as the conceptual 
framework for investigating the public health information behavior of nurse 
administrators in the ILTC sector of the Singapore health care system. 
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This chapter presents the methodology for the study. It discusses the (a) 
research objectives;  (b) research design; (c) sample and setting; (d) inclusion/ 
exclusion criteria; (e) outcome measures used; (f) data analysis; and (g) ethical 
considerations.  
 
Research Objectives and Research Questions 
 
Aim and research objectives  
The primary aim of the present research is to develop the schematic model of 
the public health information behavior of nurse administrators when carrying 
out needs assessment, policy development, and assurance in order to protect the 
health and ensure the safety of the public. 
Research objectives: 
1. To identify the information needs of nurse administrators when 
carrying out needs assessment, policy development, and assurance 
to protect the health and ensure the safety of the population of 
patients in the ILTC sector 
2. To identify the information seeking paths that nurse administrators 
take in order to access the data and information from the ILTC-IS; 
and to identify the facilitators and barriers to their information-
seeking when carrying out  needs assessment, policy development, 
and assurance to protect the health and ensure the safety of the 
population of patients in the ILTC sector. 
3. To quantify the degree of use by the nurse administrators of the 
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information contained in the ILTC-IS when they perform their public 
health functions; and to develop the regression models  to identify the 
predictors of the use of the  ILTC-IS  by  nurse administrators when 
carrying out needs assessment, policy development, and assurance 
to protect the health and ensure the safety of the population of 
patients in the ILTC sector. 
Research questions: 
1. What are the information needs of nurse administrators when they 
are carrying out their public health functions of (a) needs 
assessment; (b) policy development; and (c) assurance to protect 
the health and ensure the safety of the population of patients in the 
ILTC sector? 
2. What information seeking paths do nurse administrators take in 
order to access the data and information from the ILTC-IS when they 
are carrying out their public health functions?  What are the barriers 
and facilitators faced by nurse administrators in using the ILTC-IS 
when they are seeking data and statistics to carry out the public 
health functions of (a) needs assessment; (b) policy development; 
and (c) assurance to protect the health and ensure the safety of the 
population of patients in the ILTC sector? 
3. To what degree do the nurse administrators use the ILTC-IS when 
they are carrying out their public health functions? What are the 
predictors of the use of ILTC-IS by nurse administrators when they 
are carrying out their public health functions of (a) needs 
assessment; (b) policy development; and (c) assurance to protect 




Study Design: Participatory Action Research 
 
Participatory action research was used in this study given that the overall 
research aim was to generate knowledge on how to enhance the use of the ILTC-
IS for public health practice. This particular research design produces 
knowledge to guide practice and at the same time allows the modification of a 
given reality (i.e., “change”) occurring as part of the research process itself. 
“Within action research, knowledge is produced and reality modified 
simultaneously; each occurring due to the other” (Oquist, 1978, p. 145). 
Further, action research was chosen since the aim of the study was to produce 
practical knowledge to achieve practical outcomes in a participatory manner. 
“Action research is only possible with, for, and by persons and communities, 
ideally involving all stakeholders both in questioning and sense-making that 
informs the research, and in the action which is its focus” (Reason & Bradbury, 
2006, p. 2). In addition, it is recommended that a study on information behavior 
should connect the task with the search process in order to analyze their 
interaction and this sort of study typically requires a longitudinal research 
design (Vakkari, 2003). The participatory action research study design involves 
repeated measurements on the cohort of participants is akin to conducting a 
longitudinal study. 
The approach to participatory action research that informed the present study is 
the model formulated by Reason and Bradbury (2006) who defined action 
research as a “participatory democratic process concerned with developing 
practical knowing in the pursuit of worthwhile human purposes, grounded in a 
participatory worldview” (p. 1). Reason and Bradbury (2006) outlined five 
characteristics that differentiates action research from other research 
approaches: (a) action research starts with everyday experience and is 
concerned with the development of everyday living knowledge; (b) action 
research has a wider purpose of contributing to practical knowledge, to the 
increased well-being – economic, political, psychological, spiritual – of human 
persons and communities, and to a more equitable and sustainable relationship 
with the wider ecology of the planet, of which humanity is an intrinsic part; (c) 
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action research creates new forms of understanding based on reflections and 
actions which contribute to human emancipation; (d) action research is a 
participative research and only possible with, for, and by persons and 
communities involved in the questioning and sense making that informs the 
research; and (e) action research is emancipatory because it not only leads to 
new practical knowledge but also leads to the development of new abilities 
among the research participants to create knowledge since they are actively 
involved in the research process. 
Based on these five interdependent characteristics of action research, Reason 
and Bradbury (2006) provided the following guidelines to support the validity 
and quality of action research practice. 
 
1. What are the outcomes of the research? Does it work? 
What are the processes of inquiry? Are they authentic/ life 
enhancing?  
Participatory action research is aimed at a pragmatic question: How could the 
analytical functions of the ILTC-IS be enhanced in order to enable the effective 
and efficient execution of the three core functions of public health nursing in 
order to protect the health and ensure the safety of the population of patients in 
the ILTC sector of the Singapore health care system? This current study on the 
information behavior of the nurse administrators involved organizational 
change in the ILTC sector. According to Pickard (2007), action research is best 
suited for this type of study since this type of research is interventionist in 
approach. The research is being taken “with the explicit intention of improving 
the practice and understanding that practice and the situation in which it take 
place” (p. 134). Information science research (such as the present study on the 
public health related information behavior of nurse administrators) is usually 
applied research that is related to problem solving in the real world. In addition, 
information science research is almost always carried out in real organization 
which involves organization change with the application of research results 
(Wilson, 1981). 
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2. What is the significance of the research?  
Reason and Bradbury (2006) elucidates about the meaning and purpose of 
research and point to the need to ask whether the inquiry process has addressed 
questions about significance: (a) “What is worthwhile?” and (b) “What values has 
been actualized in the inquiry?”  Reason and Bradbury (2006) highlight that at a 
wider level, these questions invite us to connect our work to questions of 
spirituality, beauty – and whether we have created an inquiry process which is 
truly worthy of human aspiration.  
The notion of reflective knowledge in action research is derived from the 
tradition of critical theory that argues that meaningful human knowledge must 
not only understand the world, but change it. Given such characteristics, 
participatory action research is critical, normative and value laden when 
proposing and implementing change to practice. From a nursing perspective, 
quality improvement activities are also normative and value-laden. While the 
terminology for quality assurance in nursing has changed in the last 30 years, 
the process of improving nursing practice as proposed by Lang in 1975 remains 
the same. (Swan, Lang & McGinley, 2004). Lang’s 1975 model was in the form of 
an iterative process with feedback loop consisting of 5 steps: (1) Formation of 
values that is informed by the values of the profession, the public and the 
healthcare organization; (b) Establishment of outcome, process, and structure 
standards and criteria; (c) Assessment of the degree of discrepancy between the 
established standards and criteria and the current level of nursing practice; (d) 
Selection and implementation of an alternative nursing practice to correct the 
discrepancy; and (e) Improvement in nursing practice.  
Lang (1975) highlighted the place of values and beliefs about patient care as the 
real determiners of quality, and how these are made explicit through the 
standards and criteria of nursing care that the nursing profession adapts. In 
addition Lang (1975) discussed improvement of nursing practice as a key 
component for a quality assurance program and how it is carried out through 
the implementation of change.  
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3. What are plural ways of knowing?  
Reason and Bradbury (2006) explain that our reflection on ways of knowing 
encourages us to ask what dimensions of an extended epistemology are 
emphasized in the inquiry and whether this is appropriate.  They add that this 
encourages us to consider the validity claims of the different forms of knowing in 
themselves and the relationship between the different ways of knowing. 
According to Reason and Bradbury (2006), these are questions about plural 
ways of knowing.  
4. What are the relationship dimensions?  
Reason and Bradbury (2006) discuss that the relationship dimension draws our 
attention to the quality of interaction that has been developed in the inquiry and 
the political forms that have been developed to sustain the inquiry. They state 
that these are questions of relational practice.  
The choice of participatory action research was a deliberate choice given the 
relational and participative nature of public health practice to achieve shared 
goals and objectives. A key competency in public health is in developing and 
maintaining relationships with the community and stakeholders to promote 
community development to address public health issues.  
The nurse administrators and their organizations are key partners to be 
mobilized to protect the health and ensure the safety of the population of 
patients in the ILTC sector of the Singapore health care system. This 
participatory action research affirmed a partnership approach throughout the 
research process, guided by the principle, “Nothing about us, without us” based 
on the “slogan used to communicate the idea that no policy should be decided by 
any representative without the full and direct participation of members of the 
group(s) affected by that policy” (Wikipedia, n.d.).  The participative approach to 
research in order to generate the knowledge to enhance the ILTC-IS is also 
consistent with the recommended approach to the design of information system. 
The review of the literature indicates that to enhance the utilization of 
information systems, users of these systems must be actively engaged in the 
design and development of the information system that is intended for their use 
(Corcoran-Perry & Graves 1990; Fidel & Pejtersen, 2004).  
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5. What are the emergent and enduring consequences?  
Reason and Bradbury (2006) argue that “action research is best seen as an 
emergent, evolutionary and educational process of engaging with self, persons, 
and communities which needs to be sustained for a significant period” (p.12). 
This, according to the authors, leads them to ask questions about emergence and 
enduring consequences. The enhancement of analytic functions of the ILTC-IS is 
a journey. There is a need to continuously improve the ILTC-IS to ensure it 
remains relevant to the trends, scientific developments and the evolving context 
of the practice health by the ILTC nurse administrators. This current action 
research cycle is only the beginning of this journey. This will be followed by 
future cycles of action research aimed at enabling the public health practice of 
nurse administrators to ensure that the analytic functions of the ILTC-IS remains 
responsive to the evolving information and analytic needs of the nurse 
administrators. 
The developmental nature of participatory action research goes hand in hand 
with its characteristic as being emancipatory. As discussed earlier, Reason and 
Bradbury (2006) describe action research as being able to (a) lead to new 
practical knowledge; and (b) to the development of new abilities among the 
research participants to create knowledge since they are actively involved in the 
research process. This present action research cycle is the first action research 
involving the investigator and the ILTC nurse administrators in fact finding, 
acting, and evaluating to enhance the ILTC-IS for public health practice. This first 
cycle was initiated by the principal investigator based on the felt need to involve 
the users of the ILTC-IS to enhance its public health nursing informatics 
functions. Given the developmental nature of participatory action research, 
future cycles of action research would evolve to action research being initiated 
by the ILTC nurse administrators themselves based on their felt need, as they 
acquire the relevant action research skills over time.   
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Villanueva-Lim Action Research Model 
 
Based on the approach to action research described by Reason and Bradbury 
(2004), the three phases of the action research cycle was carried out in this 
study using the Villanueva-Lim Action Research Model (see Figure 2): Phase 1 
which focused on planning and prioritization based on baseline measurements, 
collaborative problem identification, gap analysis and action planning; Phase 2 
which focused on implementation of priority action plans; and Phase 3 which 
focused on evaluation of interventions based on the repeat measurements; and 
reflections on the knowledge and insights gained on the public health  
information behavior of nurse administrators and the use of the ILTC-IS; and the 
implications of these knowledge and insights to the future enhancement of the 
public health nursing informatics aspect of the ILTC-IS. 
 
 
Figure 2: Villanueva - Lim Action Research Model 
 
 Details of these phases are discussed in the following sections.  
 40 
Phase 1: Planning and prioritization. 
The logic model developed collaboratively by the investigator and participants 
(see Figure 3) summarized the plan for the collaborative implementation of the 
three phases of the present action research by the investigator and the 
participants.   
In Phase 1 which was conducted in 2013  (indicated by the red arrow on the 
planning and prioritization phase in Figure 3) answers to Research Questions 1, 
2, and 3 were sought as an input to action planning and prioritization to enhance 
the use of the ILTC-IS by nurse administrators for public health practice.  During 
this phase, the participants were involved in three activities: (a) attending 
briefing meetings to introduce the action research and the critical role of the 
ILTC nurse administrators in promoting the public’s health; (b) the completion 
of three survey questionnaires for baseline measurements; (c) focus group 
discussion to gain insights on the results of the survey, and to prioritize the 
actions to be implemented in Phase 2 in order to enhance their use of the ILTC-IS 
for public health practice. 
Prior to the completion of the surveys, the participants attended meetings 
conducted in 2013 which covered the topics, “Introduction to Action Research” 
and “Introduction to Population Health through Public Health Nursing: The 
Critical Role of the ILTC Sector Nursing Leaders”. Following these meetings, the 
following survey questionnaires were distributed to the study participants: (a) 
Questionnaire 1 which covers basic demographics of participants, type of their 
organisation and the participants’ use of ILTC IS for needs assessment, policy 
development, and assurance to protect the health and ensure the safety of the 
population of ILTC patients; (b) Questionnaire 2 which covers self assessment of 
the participants competency in public health nursing and public health nursing 
informatics; and (c) Questionnaire 3 which covers the assessment of healthcare 
business analytics maturity of the organization as perceived by the participant. 
Consistent with the collaborative approach of participatory action research, the 
Directors of Nursing and the Executive Directors of the organizations who 
agreed to participate in this present study carried out the recruitment of study 
participants, administered the consent taking, and coordinated the data 
collection with their respective organizations. They then contacted the 
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investigator to collect the questionnaires after they and their relevant staff 
members completed filling them in. 
After the analysis of the baseline measurements, the focus group discussion was 
held in 2013. Based on the principle, “nothing about us without us” (Wikipedia, 
n.d.), the nurse administrators were active participants during this focus group 
discussion. Collaboratively, they reflected and explained the results of the 
baseline measurements and identified the barriers and facilitators to their use of 
the ILTC-IS when carrying out their public health practice.  
The focus group discussion proceeded as follows: (a) collaborative discussion 
between investigator and participants on the overall results of the baseline 
measurements; (b) collaborative identification by the investigator and 
participants of the factors that enable (i.e. facilitators) or limit (i.e., barriers) 
their use of the ILTC-IS for public health practice; (c) collaborative identification 
by the investigator and participants of the enablers of the information behavior 
of nurse administrators in the ILTC sector, including the dissemination of 
statistical information and the conduct of education programs on public health 
nursing and public health informatics for the nurse administrators; and (d) 
collaborative development of the logic model (see Figure 3) between 
investigator and participants to enhance the public health information behavior 
of the ILTC nurse administrators and their use of ILTC-IS for public health 







Figure 3: Logic Model to Enhance the Use of ILTC-IS by Nurse Administrators 





Phase 2: Implementation of action plans  
In action research, interventions are the product of the diagnosis and 
interpretation of the evidence during the first stage. The choice of the 
interventions and the methods of implementation are dependent on the context 
and the nature of the problem, the current practice within the subject area and 
the analysis of the literature (Pickard, 2007). The results of the baseline study as 
presented in Chapters 5, 6, and 7 provided the context for the action phase of 
this action research. Based on the results, the following interventions were 
identified by the participants as the priority action items and were implemented 
during Phase 2 (indicated by the red arrow on the implementation of action 
plans phase in Figure 4) of the present action research cycle: (a) dissemination 
of statistical information from the ILTC-IS on trends in nurse-sensitive clinical 
indicators; (b) mass training programs in the use of ILTC-IS for public health 
practice; and (c) on-site lecture and discussion to be held in each of the 
participating organization on how to interpret and use the statistical reports 






Figure 4: Logic Model to Enhance the Use of ILTC-IS by Nurse 
Administrators for Public Health Practice (Phase 2) 
 
Dissemination of statistical reports 
Based on the recommendations made by the participants, statistical reports 
were generated using the data they submit through the ILTC-IS on the trends in 
the incidence of nurse-sensitive clinical indicators for their respective 
organization. Since this cannot be generated directly by the participants from the 
current version of the ILTC-IS, an excel template was developed which plot the 




Training programs on the use of ILTC-IS for public health 
practice.  
Together with the distribution of their individualized statistical reports, the 
following three-part lecture was delivered by the investigator in 2013 at the 
Ministry of Health: (a) “Introduction to the Role of Epidemiology in Surveillance of 
Nurse-Sensitive Indicators and in Quality Assurance Activities”; (b) “How to 
Interpret the Clinical Indicator Surveillance Reports”; and (c) “Trends in Nurse-
Sensitive Clinical Indicators in Intermediate and Long Term Care”.  
 
On-site lecture and discussion on the use of ILTC-IS for 
public health practice.  
Because of the need for some participants to attend to patient care during the 
delivery of the three-part lecture held in MOH, not all the research participants 
were able to attend the training programs.  In view of this, the investigator 
conducted individual on-site lectures and discussions in each of the participating 
ILTC organization in 2013, in order to orient  the participants to the public 
health informatics aspects of the ILTC-IS; and to facilitate the participants’ 
interpretation of the statistical reports from the ILTC-IS. The topics covered 
were: (a) “The Use of ILTC-IS for the Surveillance of Nurse-Sensitive Clinical 
Indicators”; (b) “The role of Epidemiology in Surveillance of Nurse-Sensitive 
Clinical Indicators and in Quality Assurance Activities”; (c)  “Interpreting   Your 
Organization’s Statistical Report on Trends in the Incidence of Nurse-Sensitive 
Clinical Indicators”; and (d) “How to Use the Data and Statistics from the ILTC-IS 
for Your Public Health Functions of Needs Assessment, Policy Development, 
Assurance”.  
The participants were responsible for organizing these sessions in their 
respective organizations, including scheduling and other logistical arrangements 
while the investigator was responsible for the delivery of the lecture and leading 
the discussion sessions. The participants were also responsible for the 
identification of which members of their organizations are to attend these 
sessions. Some of the participants have also made arrangements for their 
Executive Directors and staff of their Healthcare Performance Office (HPO) 
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whom they work with in quality assurance activities, or staff from Human 
Resource and Finance Departments whom they work with in resourcing their 
staffing needs, to attend these sessions and to provide input into other actions 
that can be implemented by their organizations in the  future cycles of action 
research, in order remove the barriers and enable the facilitators of the use of 
ILTC-IS for the public health practice of the ILTC nurse administrators. 
Phase 3: Evaluation and reflections 
Phase 3 was conducted in 2013.  During this phase, the focus group discussion 
on the evaluation of the actions taken during Phase 2 of the present action 
research cycle was carried out by the investigator on-site. In addition the 
completion of three survey questionnaires for the repeat measurements was 
also carried out.  
The data for the repeat survey were analyzed to evaluate the action.  The result 
of the evaluation is reported in Chapter 8 of this thesis. Reflections were carried 
out by the investigator on the knowledge and insights gained on the public 
health information behavior of nurse administrators and its implications to the 
design, implementation and continuous improvement of the public health 
nursing informatics aspects of the ILTC-IS. These reflections are reported in 
Chapter 9 of this thesis. 
The investigator will present the results of the repeat measurements and the 
knowledge and reflections to the study participants in April 2014. This 
presentation will start the collaborative reflection, discussion, and planning of 
the next cycle of action research (as depicted in the planning and prioritization 




Sample and Setting 
 
The common rules of thumb of 10 cases of data per predictor or 15 cases of data 
per predictor to obtain a reliable regression model is said to be an 
oversimplification of the issue. Instead of relying on these rules of thumb, it is 
recommended that for a reliable regression model, the sample size for a 
regression study should depend on the size of the effect (i.e., how well the 
predictors predict the outcome) and how much statistical power the study want 
to detect this effect.  
To achieve a high level of power, 0.8 is recommended (Cohen, 1988, Polit & 
Sherman, 1990). According to Field (2005), for a statistical power of 0.8, the 
recommended sample sizes are as follows: (a) a sample size of 80 will always 
suffice up to 20 predictors, if the study expects to find a large effect. If there are 
fewer predictors, a smaller sample will suffice; (b) a sample size of 200 will 
always suffice (up to 20 predictors) if the study is expecting to find a medium 
effect. The sample size should always be above 60; and with 6 or less predictors, 
100 will suffice; and (c) a sample size of at least 600 if the study is expecting a 
small effect. The following section discusses the sample size determination that 
was followed for the present study. 
 
Sample size determination 
The findings of the review of the literature suggest that the public health 
information behavior of nurse administrators is determined by (a) the task they 
are expected to perform given their job role assignment; (b) their competence in 
public health nursing in general and public health informatics in particular; (c) 
the corporate culture and characteristics of the nurse administrator’s 
organization as demonstrated by its level of maturity in healthcare business 
analytics; and (d) the regulatory environment of the nurse administrator’s 
organization. In view of this, the present study hypothesized that the public 
health information behavior of nurse administrators is determined by (a) their 
job role assignment; (b) their competence in public health nursing in general and 
public health informatics in particular; (c) the corporate culture and 
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characteristics of their organization as demonstrated by its maturity in 
healthcare business analytics; and (d) the regulatory environment of their 
organization. Correspondingly, to answer the research question, “What are the 
predictors of the use of ILTC-IS by nurse administrators when they are carrying out 
their public health functions of (a) needs assessment; (b) policy development; and 
(c) assurance to protect the health and ensure the safety of the population of 
patients in the ILTC sector?”, the following regression model was developed to 
identify the predictors and to identify the data to be collected for the hypotheses 
testing for the present study:  
Use of ILTC IS for Public Health Nursing Practice = f (a, b, c, d + e) 
This regression model indicates that the extent of use of the data and statistics in 
the ILTC-IS for needs assessment, policy development and assurance by the ILTC 
nurse administrators is the dependent variable; and the following are the 
predictor variables: a stands for the job role of the nurse administrator; b stands 
for the nurse administrator’s competency in public health nursing or public 
health informatics; c stands for the healthcare business analytics maturity of the 
nurse administrator’s organization; d stands for the regulatory environment 
within which the nurse administrator’s organization operates; and e stands for 
the error term. 
This present study is exploratory and there is no previous information on the 
effect size of any of the above four predictor variables on the dependent variable. 
Under this condition, a sample size of 105 based on the number of ILTC 
institutions was set. This sample size was deemed sufficient since the minimum 
sample size is at least 40 for a large effect size and 90 for a medium effect size for 
a regression model with four predictors and with a statistical power of 0.8 
(Field, 2005). 
Inclusion and exclusion criteria 
A combination of purposive and snowball sampling was used in this study. All 
the nurse administrators of the intermediate and long term care organizations in 
Singapore are eligible to participate in this study. For the purpose of this study, 
nurse administrators include executive directors or chief executive officers that 
have nursing background, directors of nursing, and senior nurses that perform 
 49 
the administration of nursing services in the organization (e.g. nursing officers, 
nurse managers, nurse educators, nurse clinicians, advanced practice nurses, 
etc.). Nurses who do not perform any nursing administration functions as 
described above were excluded in the study. 
Participation in the study was voluntary. The participants were invited to 
participate in this action research through their chief executive officer or 
executive directors since this study design would involve organizational level 
interventions and the involvement of the nurse administrators within the 
organization. Invitation for participation was communicated to the CEOs and the 
Heads of Nursing Service of the ILTC institutions through electronic mails. 
Thereafter, among the organizations that volunteered to participate in this 
study, the Head of Nursing Service identified the rest of the nurse administrators 
within their organization and invited them to participate in this study too. 
Data Collection 
 
To meet the criterion of credibility of study results in action research, 
triangulation of information from multiple data sources is recommended 
(Streubert-Speziale & Carpenter, 2007). In this present action research, a mixed 
method approach to data collection was employed in order to meet this 
criterion. The quantitative and qualitative data collection that were carried out 
for the present study is summarized in Table 1 below and discussed in details in 
the following sections. 
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Questionnaire 1 √  √ 
Questionnaire 2 √  √ 









  √ 
 
Quantitative data collection.  
Three questionnaires were developed by the investigator for the present study. 
The same set of questionnaires were administered during Phase 1 (Planning and 
Prioritization Phase) and Phase 3 (Evaluation and Reflection Phase) of the study: 
(a) Questionnaire 1 which consists of the questions on Characteristics of the 
Participants, Type of Organization and Public Health Related Information 
Behavior of Nurse Administrators); (b) Questionnaire 2 which consists of the 
Public Health Nursing Scale (PHNS) and the Public Health Informatics Scale for 
Effective Information Behavior (PHIS-EIB); and Questionnaire 3 which consists 
of the Healthcare Analytics Maturity for Effective Nursing Administration Scale 
(HAMENA Scale). 
Questionnaire 1: Characteristics of the Participants, Type of 
Organization and Public Health Related Information Behavior of 
Nurse Administrators  
This questionnaire includes questions to collect data on the regulatory 
environment of the participant’s organization (i.e., type of organization); and the 
 51 
following information about the participant: (a) the demographic characteristics; 
(b) job role; (c) public health related information needs; (e) information-seeking 
paths; (f) the “extent of use of the ILTC-IS” for public health practice; and (f) 
barriers and facilitators faced when using the ILTC-IS for public health practice.   
Questionnaire 2: Public Health Nursing Scale (PHNS)   and Public 
Health Informatics Scale for Effective Information Behavior 
(PHIS-EIB) 
The PHNS was used to collect data on the level of competencies of the 
participant in terms of public health nursing. The PHIS-EIB was used to collect 
data on the level of competencies of the participants in public health informatics 
for effective use of information.  
Questionnaire 3: Healthcare Analytics Maturity for Effective 
Nursing Administration (HAMENA) 
The HAMENA was used to collect data on the level of healthcare analytics 
maturity of the organization as perceived by the nurse administrators. 
 
Qualitative data collection 
Qualitative techniques enable the exploration of research questions in depth and 
shed an interpretive light on the research topic being investigated (Cleary, 
Horsfall, & Hayter, 2014a; 2014b). For the present study, qualitative data were 
collected using two methods: (a) open-ended survey questions; and (b) focus 
group discussions (Streubert-Speziale & Carpenter, 2007). 
Open-ended survey questions 
Open-ended questions were included in Questionnaire 1 (Characteristics of the 
Participants, Type of Organization and Public Health Related Information 
Behavior of Nurse Administrators) to identify the public health related 
information needs of the ILTC nurse administrators; and the barriers and 
facilitators to their use of the ILTC-IS for public health practice. The following 
open-ended questions were included in the questionnaire to collect data for the 
latter purpose: (a) Needs Assessment: “Please provide further comments why you 
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do not use the data and statistics in the ILTC-IS.”; (b) Policy Development: “Please 
provide further comments why you do not use the data and statistics in the ILTC-
IS.”; and (c)  Assurance through Manpower Planning:  “Please provide further 
comments why you do not use the data and statistics in the  ILTC-IS”. 
Phase 1: Focus group discussions 
Eighteen focus group discussions (each lasting half a day per session) attended 
by the study participants were held: (a) one with the nurse administrators 
whose role includes other corporate level healthcare administration (e.g., chief 
executive officer, chief operations officer, quality manager, etc.) in addition to 
their role as administrator of nursing services of the organization; and (b) 
seventeen with the above nurse administrators and their staff at their respective 
workplace (i.e., nurses who perform the role of administrator of nursing services 
only; and nurses who perform other nursing administration roles such as nurse 
educator, nurse clinician, advanced practice nurse, infection control nurse, 
wound nurse, etc.).  
Focus group discussions was carried out in Phase 1(Planning and Prioritization 
Phase) to gather further insight into the barriers and facilitators to the use of the 
ILTC-IS for public health practice by the ILTC nurse administrators; and to 
develop the logic model on how to improve the public health information 
behavior of ILTC nurse administrators (Jamieson & Williams, 2003; Mullaly-
Quijas, Ward, & Woefl, 1994).  
For the focus group discussions during Phase 1, the data collection was carried 
out in two parts. For the first part, the focus group discussed the facilitators and 
barriers on the use of ILTC-IS for public health practice in response to the 
following question: “Reflecting on the results of the baseline assessment, what do 
we learn as the barriers that limit; and the facilitators that promote the use of 
ILTC-IS by nurse administrators when they are carrying out the public health 
functions of needs assessment, policy development, and assurance?”  
To guide the reflection and discussion of the focus group on the barriers and 
facilitators of the use of the ILTC-IS for public health practice, the investigator 
presented the results of the baseline assessments on the use of ILTC-IS for public 
health by the nurse administrators. To guide the focus group in their reflection 
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and discussion of the facilitators and barriers of the information behavior of the 
nurse administrators in terms of public health competency, the investigator 
presented the baseline assessments of the research participants’ levels of 
competency in terms of (a) public health nursing (see Figure 4); and (b) public 
health informatics for effective use of information for nursing administration 
(see Figure 5).   
The radar charts in Figures 4 and 5 was used by the investigator to show the gap 
between the maximum score of 4 (“I am very comfortable; I am an expert in this 
area, I could teach this to others”) and the current level of competency of the 
participants in terms of public health nursing and public health informatics 
respectively. 
Similarly, the radar chart in Figure 6 was used by the investigator to show the 
gap between the maximum score of 5 “Strongly Agree”) and the current level of 








0 = This knowledge/ skill is not applicable to my job 
1 = I am unaware or have little knowledge in this area 
2 = I have heard of it; I  have limited knowledge and/ or ability to apply 
knowledge or skill 
3 = I am comfortable with my knowledge and/ or ability to apply knowledge or 
skill 








0 = This knowledge/ skill is not applicable to my job 
1 = I am unaware or have little knowledge in this area 
2 = I have heard of it; I  have limited knowledge and/ or ability to apply 
knowledge or skill 
3 = I am comfortable with my knowledge and/ or ability to apply knowledge or 
skill 
4 = I am very comfortable; I am an expert in this area, I could teach this to 
others 
 
Figure 6:  Public Health Informatics Competency by 
Organization 
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In addition, to guide the focus group in their reflection and discussion of 
facilitators and barriers in terms of the organizational context of their public 
health information behavior, the investigator also presented the baseline 
assessment of the health care analytics maturity of the participants’ 
organizations (see Figure 6). 
For the second part, the focus group discussed the development of the logic 
model based on the results of the surveys and the group reflection carried out 
during the first part of the focus group discussion.  The following questions were 
asked to assist the focus group in developing the logic model: “Reflecting on the 
force-field analysis, let us develop the logic model to plan how to enhance the use of 
ILTC-IS by nurse administrators when carrying out needs assessment, policy 
development, and assurance functions. The questions in the following slide will 
guide us step by step in developing this logic model: (a) What activities do we need 
to carry out? (b) Who are the target participants for each of these activities? (c) 
What outcomes shall we measure to indicate we are making progress towards the 







5 = Strongly Agree 
4 = Agree 
3 = Neither Agree Nor Disagree 
2 = Disagree 
1 = Strongly Disagree 
 
Note: Domain 4 (Information Architecture) includes items on Availability of 
Technology & Data Standards and Analytical & Business Intelligence Tools 
 





Phase 3: Focus group discussion  
Focus group discussions (each lasting half a day per session) attended by the 
study participants were also carried out during Phase 3 (Evaluation and 
Reflection) to collect qualitative data on the effectiveness of the actions that 
were implemented during Phase 2 (Action Phase). Seventeen focus group 
sessions were held (i.e., one for each participating organization). The focus 
group sessions were attended by the three groups of nurses that participated in 
the present study: (a) nurse administrators whose role include healthcare 
administration (e.g., chief executive officer, chief operations officer, quality 
manager, etc.) in addition to their role as administrator of nursing services; (b) 
nurses whose role is the administrator of nursing services only; and (c) nurses 
who perform other nursing administration roles such as nurse educator, nurse 
clinician, advanced practice nurse, infection control nurse, and wound nurse. 
For the focus group discussions for Phase 3 (Evaluation and Reflection), the 
following questions were asked to evaluate the effectiveness of the actions 
implemented in Phase 2 (Action Phase) and to gather recommendations on (a) 
how to enhance the analytical functions of the  ILTC-IS based on the results of 
the baseline surveys and their evaluation of the effectiveness of the 
dissemination of the statistical reports during Phase 2( Action Phase); and (b) to  
gather their recommendations of what training programs will be helpful in 
developing (a) their competencies in public health practice in general and public 
health informatics in particular; and (b) healthcare analytics. 
The following questions were asked: (a) “Was the statistical reports that were 
disseminated useful for your public health practice? Do you have any 
recommendations on how the analytics functions of the ILTC-IS can be enhanced 
further to help your public health practice?” (b) “ The results of the baseline 
surveys  indicate that apart from job roles, the two main determinants of the use of 
ILTC-IS by the ILTC nurse administrators are (a) the knowledge processes in an 
organization ; and (b) the level of knowledge and skills of nurse administrators in 
public health and public health informatics. Specifically, the results indicated that 
the nurse administrators need training to enhance their skills in three areas: (a) 
public health practice; (b) public health informatics; and (c) healthcare analytics 
such as the use of statistical softwares in order to be able to optimize the use of 
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ILTC-IS to protect the health and ensure the safety of the population of patients in 
the ILTC sector. Could you share your thoughts on what can be done to enhance the 




Quantitative data analysis 
 Descriptive statistics were used to characterize the ILTC nurse administrators 
that participated in this present study.  To answer Research Question 2 (on 
information seeking paths)  and Research Question 3 (on the extent of use of the 
ILTC-IS) , univariate analyses were performed to describe the nurse 
administrators’ public health information behavior in terms of the following: (a) 
information seeking paths they took to meet their information needs for needs 
assessment, policy development and assurance; and (b) their extent of use of the 
ILTC-IS for needs assessment, policy development, and assurance  
To answer Research Question 3 further (on the predictors to the use of ILTC-IS 
for public health practice) , bivariate and multivariate analyses were performed. 
Bivariate ordinal regression analyses were performed to determine the 
association between a predictor variable and the outcome variable as follows: 
(a) job role and extent of use of the ILTC-IS for needs assessment, policy 
development, and assurance; (b) public health nursing competency and extent of 
use of the ILTC-IS for needs assessment, policy development, and assurance; (c) 
public health informatics competency and extent of use of the ILTC-IS for needs 
assessment, policy development, and assurance; and (d) healthcare business  
analytics maturity and extent of use of the ILTC-IS for needs assessment, policy 
development, and assurance. In addition, chi-square tests were performed to 
test whether there is a statistical difference in the use of ILTC-IS for needs 
assessment, policy development and assurance based on the regulatory 
environment of the organization. 
Multivariate analyses using ordinal regression techniques were performed to 
test the hypotheses on the predictors of the use of ILTC-IS by nurse 
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administrators for public health practice and to develop the regression model of 
the public health information behavior of nurse administrators. Based on the 
results of the univariate, bivariate and multivariate analyses, collaborative action 
planning and implementation was carried out by the investigator and the nurse 
administrators to enhance their use of the ILTC-IS for public health practice. 
Thereafter, statistical analyses of the repeat measurements were carried out 
using Wilcoxon signed ranks test to assess whether there was a significant 
change in the extent of use of the ILTC IS by the nurse administrators for public 
health practice after the action plans were implemented. 
 
Qualitative data analyses 
 In addition to the quantitative analyses described in the above section, 
qualitative data analyses were carried out for the present study. Thematic 
analysis (Barbour, 2005; Jamieson & Williams, 2003) of the transcripts of focus 
group discussions (an example of one transcript is presented in Appendix B) and 
content analysis (Stemler, 2001) of the open-ended questions of the 
questionnaires was carried out to answer the following four research questions 
based on the triangulation of the results of the quantitative measurements and 
qualitative data collections: (a) What are the information needs of nurse 
administrators when they are carrying out their public health functions of needs 
assessment, policy development, and assurance?;  (b) What information seeking 
paths do nurse administrators take in order to access the data and information 
from the ILTC-IS when they are carrying out their public health functions?; (c) 
What are the barriers and facilitators faced by nurse administrators in using the 
ILTC-IS when they are carrying out their public health functions?; and (d) What 
are the predictors of the use of ILTC-IS by nurse administrators when they are 
carrying out their public health functions? 
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Ensuring Rigor of the Action Research 
 
The following steps were taken to ensure rigor (Herr & Anderson, 2005; Mays & 
Pope, 2000; Reason & Bradbury, 2006; Spencer, Ritchie, Lewis & Dillon, 2003; 
Tuckett, 2005). 
Triangulation 
 Action research adopts the philosophy of pluralistic way of knowing. The 
current study adopted mixed methods of data collection that allows for 
understanding the public health related information behavior of ILTC nurse 
administrators through the empirical and esthetics epistemology of nursing 
knowledge (Carper, 1978).  
From the empirical perspective of knowing, the study used survey 
questionnaires to (a) identify the public health related information needs of 
nurse administrators; (b) identify their information-seeking paths to meeting 
these information needs; (c) measure the outcome variable, extent of use of the 
ILTC-IS by nurse administrators when carrying out the three core functions of 
public health (i.e., needs assessment; policy development; and assurance 
through manpower planning); and (d) to measure the predictor variables  (i.e., 
job role; type of organization; competencies in public health practice; 
competencies in public health informatics for effective use of information; and 
organization’s healthcare business analytics maturity).   
To gain more insight into the predictors and the barriers and facilitators to the 
use of the ILTC-IS for public health practice, the following qualitative techniques 
were implemented based on the esthetics epistemology of nursing knowledge: 
(a) incorporation of open-ended questions into the questionnaire; and (b) focus 
group discussions.  
Respondent validation and member checking 
Member checking were done in two ways. The first was conducted at the 
Ministry of Health (MOH) over two sessions in 2013 that was attended by the 
Directors of Nursing and the Executive Directors. Due to the need to attend to 
direct patient care matters in their respective organizations during these 
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meetings, only 12 of the participants were able to come to MOH to attend the 
meetings: 10 of the nurse administrators attended the morning session while 2 
attended the afternoon session. The second instance of member checking was 
carried out by the investigators in 2013 at the place of work of the participants 
that were unable to come to MOH.  
Respondent validation and member checking was adopted to allow the 
participants to judge whether the interpretation offered by the investigator 
based on the statistical analyses of the quantitative data; and the content 
analyses of the open-ended questions of the baseline assessment corresponds 
with their experienced reality (Streubert-Speziale & Carpenter, 2007). 
Reflexivity 
When conducting a qualitative research, such as this action research, there is a 
need to ensure objective position by the researcher by observing reflexivity 
throughout the research process, otherwise questions regarding the validity of 
the research could arise. “Reflecting on the process of  one’s research and trying 
to understand how one’s own values and views may influence findings adds 
credibility to the research and should be part of any method of qualitative 
inquiry”  (Jootun, McGheee, & Marland, 2009, p. 42.).  
Reflexivity provides transparent information about the positionality and 
personal values of the researcher that could influence how data is collected and 
analyzed (Walker, Read & Priest, 2013). The quality reflexivity means 
“sensitivity to the ways in which the researcher and the research process have 
shaped the collected data, including the role of prior assumptions and 
experience” (Mays & Pope, 2000, p.51). A reflective diary was also kept for the 
study to journal the researcher’s thoughts, feelings and observations throughout 
the research process. The reflective diary was used by the researcher to keep a 
detailed history of the research process and the participants responses and 
discussions about the facilitators and barriers to the use of ILTC-IS for public 
health practice. The diary was also used to critically reflect on the researcher’s 
thoughts, feelings and observations during the focus group discussions process, 
and the interpersonal dynamics between researcher and participants, noting any 
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potential effects of these factors on the data collection, analysis and research 
findings. 
This present study consisted of a quantitative and a qualitative phase of data 
collection. The quantitative phase was carried out using the three 
questionnaires. The qualitative phase consisted of: (a) the open-ended questions 
in Questionnaires 1 and 2; (b) the focus group discussion at MOH; and (c) the 
focus group discussions during the visits to each of the institutions following the 
conduct of the workshop on how to read and interpret the clinical indicator 
statistical reports. During the conduct of these focus group discussions, 
conscious efforts were made by the researcher through self-awareness during 
the focus group discussions that the  questions asked to gather the data on the 
barriers and facilitators to their use of ILTC-IS for  public health practice is not 
unduly influenced  by the personal values and thoughts of the researcher.   
A key aspect that could have an effect in the data collection process is the 
interpersonal dynamics between the researcher and the participants. In 
conducting this action research, the researcher was conscious that although the 
relationship with the participants during the action research process is the 
relationship between investigator and study participants, there is a potential 
that the participants may relate to the researcher based on the researcher’s 
capacity as an officer in the Ministry of Health.  
To overcome this, the researcher made it clear during the briefings and request 
of participation that this action research is being carried out in my capacity as a 
PhD student with the Yong Loo Lin School of Medicine, NUS.  The investigator 
highlighted to the participants in writing and in oral communication that 
participation is purely voluntary and that there will be no untoward 
consequences should they chose not to participate; or chose to discontinue 
participation. It was also communicated through the briefing and the 
“Participant Information” document that when filling the survey questionnaires, 
they are free to leave items unanswered if they were not comfortable in 
furnishing the answer to some of the questions.  The information sheet to the 
participants can be found in Appendix A.   
Two indicators suggest that the investigator has not placed undue pressure for 
organizations and nurse administrators to participate: (a) number of 
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organizations that volunteered to participate in the study; and (b) items not 
answered in the survey questionnaire. There were only 17 organizations out of 
the eligible 76 organizations that participated in the study and among those who 
completed the survey, there were missing answers to some of the question 
items. None of the eligible participants were compelled to participate, nor were 
missing items mandated to be completed. This is different from the usual 
mandatory data submission that the participants provide to the investigator in 
the context of the regulator and the regulated relationship between the 
investigator and the participants. 
Trustworthiness 
The following five criteria by Herr & Anderson (2005) (cited in Pickard, 2007) 
was observed to ensure trustworthiness in this action research: (a) democratic 
validity; (b) outcome validity; (c) process validity; (d) catalytic validity; and (e) 
dialogue validity.  
Democratic validity  
This criterion is evidenced by the extent to which the researcher and research 
participants were involved in the process. In this research, this was assured by 
adopting the democratic principle to “nothing about us without us” (Wikipedia, 
n.d.) as evidenced by the following. The action research was initiated because of 
the need to enhance the public health nursing informatics function of the ILTC-
IS. Instead of the top-down approach to designing such a system, this action 
research involved the active participation of the research participants in the 
following phases of the research: (a) during the recruitment phase, the Chief 
Executive Officers (CEOs) and the head of  the nursing services were informed of 
the need for research and the request for volunteers to participate in this 
research; hence, the participation was voluntary and based on the willingness of 
the nurse administrators to be part of the research process; (b) the head of 
nursing carried out the recruitment  of study participants from their respective 
organization, based on the principle of voluntary participation from their 
organization. They also participated in consent-taking, distribution, and 
collection of completed questionnaires; (c) the investigator carried out the 
analysis of data collected and presented the results to the participants to carry 
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out collaborative reflection of the baseline measurements, gap analysis and 
action planning through the joint development of the logic model.  
Outcome validity  
This criterion is evidenced by the extent to which the intervention resolved the 
problem that was identified. In this study, this was assured by evaluating the 
extent to which the intervention resolved the problem identified. The solutions 
identified for immediate implementation was (a) the generation of the statistical 
reports from the data they submitted via the ILTC-IS on the nurse-sensitive 
indicators using trend analysis; and (b) the conduct of workshop on how to read 
and interpret the statistical reports to guide needs assessment. These 
interventions were implemented. The statistical reports for each of the 
institutions were generated and distributed to the respective institutions in 
2013. Thereafter, a workshop on how to read, interpret and use the statistical 
reports that they received for needs assessment, policy development, manpower 
planning and development was carried out by the researcher on-site for each of 
the participating organization in 2013. The workshop was followed by focus 
group discussions on the effectiveness of the two interventions in meeting their 
information needs. The overall feedback was positive that it met their public 
health related information needs to protect the health and ensure the safety of 
patients in their organizations. The participants also made recommendations on 
how to improve further the functionalities on the public health nursing 
informatics functionalities of the ILTC-IS. The participants also made 
recommendations on the training required to enhance their competency in 
public health nursing and public health informatics vis-à-vis the enhancement of 
the ILTC-IS order to enable their public health practice more effectively and 
efficiently.  
Process validity  
This criterion is demonstrated when the evidence gathered can sustain the 
assertions made in the design and implementation of the actions. In this study, 
this was assured by carrying out triangulation as described previously. Survey 
questionnaires consisting of quantitative (close-ended) and qualitative 
questions (open-ended) were administered to answer the research questions. 
These were complemented with focus group discussions to ensure that the 
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findings on (a) the public health related information needs of the nurse 
administrators; (b) their information seeking paths and information use; and (c) 
the predictors, barriers and facilitators of their use of ILTC-IS for public health 
nursing were corroborated from multiple sources.  
Catalytic validity  
This criterion addressed the transformative nature of action research. This was 
assured by focusing the action research process towards really knowing and 
understanding the reality by both the investigator and the participants  on the 
current use of the ILTC-IS for public health practice, and the predictors, barriers 
and facilitators in order to change the status quo. This was carried out by 
presenting the detailed reports on the level of competencies of the participants 
with each of the domains of public health nursing as well as the level of 
healthcare business analytics maturity of their organizations. This knowledge 
provided the reference point when the participants recommended the various 
interventions to change the status quo (e.g., specific recommendations to 
enhance the public health nursing informatics functionalities of the ILTC-IS; and 
the competency training on public health nursing and public health informatics). 
Dialogue validity  
This criterion is akin to peer review and focuses on the communication with 
peers to establish the relevance and significance of the data collection, design, 
and implementation of the action and the evaluation. This was assured through 
regular meetings between the investigator and the research supervisors; and 
between the investigator and the Thesis Advisory Committee for this study.  In 
particular, during the regular meetings with the thesis supervisors, the study 
design, data collection, implementation and analyses of the data collected were 





This study was approved by the Institutional Review Board of the National 
University of Singapore (Appendix A). Participation in the study is voluntary. 
The invitation to participate in the present study was sent via electronic mail to 
the ILTC nurse administrators and their chief executive officers.  Since this 
present study is a participatory action research that will involve the support of 
the organizations, the participants were invited to participate in this study 
through their Chief Executive Officer (or the equivalent). 
Those organizations who expressed interest to participate were invited to send 
the head of nursing service to attend a briefing at a forum at the Ministry of 
Health to learn more about the research and their participation before the 
administration of consent taking. At the forum, the investigator explained the 
purpose of the research and the research protocol. They were informed of the 
three phases of the research, the details of the participation, and the possible 
benefits of the research to themselves and others, and the absence of harm or 
foreseeable risk 
The investigator also informed the participants that they can refuse to 
participate in this research and that they can also withdraw from the research at 
anytime without giving any reasons. They were assured by the investigator that 
refusal to participate or withdrawal from participation will not affect them nor 
their organization negatively. The participants were also informed to contact the 
investigator if they have any questions or problems, or the staff member of the 
National University of Singapore Institutional Review Board (NUS IRB) for an 
independent opinion regarding the research and the rights of research 
participants. At the forum, together with the consent form, the participant’s 
information sheet containing the details of the above as approved by the NUS 
IRB (see Appendix A) was also distributed to the heads of nursing service.  
In turn, the heads of nursing service conducted the briefing and distribution of 
the participant’s information sheet and consent forms to their respective staff 
who volunteered to participate in the present study. Participants’ consents were 





This chapter presented the methodology of the study including the following: (a) 
research objectives and research questions; (b) sampling and setting; (c) 
inclusion and exclusion criteria; (d) instruments used to measure the outcome 
and predictor variables; and (e) the methods used for data collection and 
analyses. The chapter also presented the action research model that was 
developed and used for the present study. It expounded how the three phases of 
participatory action research was carried out and what measures were observed 
to ensure the rigor of the study. 
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The review of the existing literature indicated a lack of measurement scales with 
established psychometric properties that can be used to measure accurately the 
following outcome measures among the nurse administrators: (a) competency in 
public health nursing; (b) competency in public health informatics; and (c) 
healthcare business analytics maturity of the organization. In view of these 
limitations, the following measurement scales were developed and evaluated by 
the investigator as part of the present study. The methodology for the evaluation 
of the three measurements are presented first followed by the results of each of 
the three measurements which will be presented into three sections as follows: 
Section 1 - the Public Health Nursing Scale (PHNS) that was used to measure the 
competency of nurse administrators in the core functions of public health  
(Council on Linkages Between Academia and Practice, 2001) as applied to the 
administration of nursing services; Section 2 - the Public Health Informatics 
Scale for Effective Information Behavior (PHIS-EIB) that was used to measure 
the public health informatics competency of nurse administrators; and Section 3 
- the Healthcare Analytics Maturity for Effective Nursing Administration Scale 
(HAMENA Scale) that was used to measure the healthcare business analytics 




The process for scale development and evaluation of the psychometric 
properties of these instruments were informed primarily by the principles and 
methods for scale development and evaluation as discussed by Carmines & 
Zeller (1979), DeVellis (2003), Kottner et al. (2011), Lynn (1986), Polit & Beck, 
(2012), Nunnally (1978), and Nunnally and Bernstein (1994). Two criteria were 
used to establish the psychometric properties of the measurement scales: 
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reliability and validity. These two characteristics are interdependent qualities of 
a measurement scale because a measuring device that is unreliable cannot be 
valid, i.e., an instrument cannot validly measure an attribute if it is inconsistent 
and inaccurate (Polit & Beck, 2012).  
Reliability relates to the consistency or repeatability of measurements that are 
made with a measurement instrument. The reliability of the instruments used to 
for the present study was established using test-retest reliability and internal 
consistency reliability. Test-retest reliability establishes the stability of a 
measurement instrument over time while internal consistency reliability 
establishes the degree to which the set of items designed to measure the same 
concept.  
Validity is the degree to which an instrument measures what it is supposed to 
measure (Carmines & Zeller, 1979; Cronbach & Meehl, 1955; DeVellis, 2003; 
Haynes, Richard & Kubany, 1995; Polit & Beck, 2012). Valid measurements 
enable the interpretation of the relationships between the outcome variable and 
the predictor variables that make up the explanatory regression model that was 
developed for hypothesis testing in this present study to identify the predictors 
of the use of the ILTC-IS for information behavior by the ILTC nurse 
administrators (Bagozzi, 1980; Straub, 1989; Tojib & Sugianto, 2006.) 
The validity of the measurement scale used to measure the outcome variable, 
Use of ILTC-IS for Public Health Nursing (see Appendix E)  was established using 
content validation through face-to-face discussion with the panel of experts 
given that the outcome variable was measured only by one item per core 
function. This rating scale was administered for pilot testing after the panel of 
experts reached 100% agreement that the scale is measuring what it intended to 
measure, i.e., the extent of use of the ILTC-IS for needs assessment, policy 
development , and assurance through manpower planning.  However, the 
validity of the scales used for the measurement of the predictor variables 
comprising of multiple items were evaluated using a combination of face, 
content, and construct validity. The procedure for conducting the scale 
development and evaluation for the predictor variables are discussed in the 
following sections. 
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Content Validation  
For the PHNS (which also contains items of the subset scale, PHIS-EIB), the 
investigator requested the Public Health Foundation of the United States of 
America to use the 2001 Council of Linkages’ Core Competencies for Public 
Health Practice (2001) to be adopted for use in this study to develop the 
measurement scale to measure the public health nursing competency of nurse 
administrators. After obtaining their permission (Appendix C) the investigator 
developed the items in the context of the practice of public health nursing by the 
nurse administrators of the ILTC sector of the Singapore health care system. The 
draft was then presented for content validation by a panel of experts.  
For the HAMENA Scale, the investigator has requested SAS Corporation to use 
the SAS Information Evolution Model (Davis, Miller, & Russel, 2006) to be 
adapted for use in this study. The investigator developed the HAMENA Scale 
after obtaining their permission (Appendix D). As in the PHNS and the PHIS-EIB, 
the draft HAMENA Scale was then presented for content validation by a panel of 
experts. 
The content validity of an instrument is established when the test items met the 
criteria that they are a sample of the construct that the investigator is interested 
to measure (Cronbach & Meehl, 1955). Lynn (1986) explains that the judgment-
quantification stage of content validation includes the assertion by a specific 
number of experts that the items are content valid and the entire instrument is 
content valid. It is recommended that the minimum number of experts for 
content validation is three (Lyn, 1986; Polit & Beck, 2012). Lynn (1986) points 
out that regardless of the number of experts used for content validation, the 
proportion of experts that must agree for content validity should meet the 95% 
confidence level by applying the standard error of the proportion.  
A four-point rating scale adapted from Lynn (1986) was used to assess the 
content validity of the items of the scales. Table 2 as follows was used by the 
content experts in assessing the relevance of each item. 
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Table 2: Assessing Content Validity  




1 Item is not representative of the competence 
2 Item needs major revision to be representative of the 
competence 
 3 Item needs minor revision to be representative of the 
competence 




1 Item is not clear 
2 Item needs major revision to be clear 
3 Item needs minor revision to be clear 
4 Item is clear 
 
In this study, given the limited number of qualified and available experts in the 
topic being studied in Singapore, the minimum number of 3 experts was chosen. 
These 3 experts need to have 100% agreement for each question item in the final 
scale in order to achieve the 95% confidence level that the items are content 
valid and, in turn, for the whole instrument to be content valid. The three experts 
involved who judged the content validity of the PHNS and the PHIS-EIB Scale 
were the same. They included the following: (a) a Professor of Public Health 
Nursing; (b) an Assistant Director of Nursing of a chain of government 
polyclinics who has the educational background and relevant experience in 
community health; and (c) an Assistant Director of Nursing of an acute hospital 
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that provided geriatric care across the continuum of care, including nursing 
home care and community outreach.  
In the case of the HAMENA Scale, the three experts who judged the items and the 
full instrument to be content valid included: (a) An Assistant Professor in 
Nursing who completed a PhD on a nursing informatics topic; (b) a Director in 
the Ministry of Health who led the development of information systems 
solutions to meet the public health information needs of Singapore; and (c) a 
Health Information Consultant who had the educational background and work 
experience with the National Health Service, United Kingdom (UK) in developing 
and maintaining information technology enabled report cards on the 
performance of the healthcare organizations in the UK. 
The content experts were also asked to identify any omission, i.e., any item that 
represents the three constructs being measured but is not included in the 
drafted questionnaires.  If there were no omissions, the whole instrument was 
considered valid based on the magnitude of the CVI values. If there are 
omissions, although the whole instrument has been judged as content valid by 
the panel, further clarification is to be sought (Lynn, 1986). In the case of the 
PHNS, PHI-EIB, and the HAMENA Scale, there were no omissions identified in 
terms of the domains. However, suggestions were made to cast the items to be 
more specific and to give illustrative examples where relevant as some of the 
statements in the questionnaires in their original version contain complex items. 
In addition, suggestions were made to make the wordings relevant to the context 
of the healthcare setting of Singapore. 
 
Assessing Test-Retest Reliability 
Reliability relates to the consistency or repeatability of measurements that are 
made with a measurement scale. Reliability is conceptualized in three forms: (a) 
stability; (b) equivalence; and (c) internal consistency. Reliability as stability can 
be in the form of test-retest reliability or intra-rater reliability. The less variation 
an instrument produces in repeated measurements, the higher is its reliability 
because of its stability, consistency, and dependability.  Reliability as equivalence 
can take the form of parallel (or alternate) forms of reliability or inter-rater (or 
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inter-observer) reliability. Internal consistency as reliability is the degree to 
which a set of items designed to measure the same concept is intercorrelated 
(Frank-Stromborg & Olsen, 2004; Polit & Beck, 2012).  
In this present study, two forms of reliability testing were performed: (a) test-
retest reliability; and (b) internal consistency reliability. This section presents 
the test-retest reliability of the Use of ILTC-IS for Public Health Nursing Rating 
Scale that was used to measure the dependent variable of the regression model; 
and the test-retest reliability of the three measurement scales that were used to 
measure the predictor variables: (a) PHNS; (b) PHIS-EIB; and (c) HAMENA Scale. 
The test-retest reliability was estimated based on the pilot study of the following 
measurement scales: (a) PHNS; (b) PHIS-EIB; and (c) HAMENA Scale.  The same 
sets of scales were administered twice to the test sample, 2 weeks to 1 month 
apart. This time elapsed between test administration was carried in order to (a) 
decrease the possible memory effect on the second administration which can 
lead to spuriously high reliability coefficient; and (b) avoid the possibility of 
measuring the stability of the characteristics of the subjects over time instead of 
the stability of the instrument over time (Frank-Stromborg & Olsen, 2004; Lynn, 
Morgan & Moore, 2009; Nunnally, 1978; Nunnally & Bernstein, 1994; Pett, 
Lackey, & Sullivan, 2003; Polit & Beck, 2012). 
 
Sample for the Test-Retest 
There were 20 participants who agreed to participate in this reliability study. 
However, one of the participants was away on long leave during the repeat 
administration of the survey. In view of the time limitation to complete the 
repeat measurement (i.e. within 2 weeks to 4 weeks from the last 
administration) only 19 pairs of score from the 19 participants were analyzed 
for the test-retest reliability and test-retest agreement during the pilot study.  
The following sub-sections describe the characteristics of the pilot study 
participants in terms of: (a) demographic profile; (b) job scope in the 
organization; (c) educational qualification; (d) professional registration; and (e) 
the nursing services that the participants administer.  
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Demographic profile of pilot participants.   
Among the 19 pilot study respondents, there were 16 females (84.21%) and 3 
males (15.79%). There were 18 valid respondents to the question to determine 
the age of the participants. Among these respondents, the average age in years 
was 43. 83 (SD: 8.73). The youngest participant was 32 and the eldest was 58.  
Job scope  
Among the three job roles to choose from in the questionnaire: (a) 14 of the 19 
respondents (73.68%) indicated being an administrator/ director/manager of 
nursing service only; (b) 1 (5.26%) indicated having other health care 
administration role in addition to the administration role in nursing service; and 
(c) 3 (15.79%) indicated performing other nursing administration role such as 
being a nurse clinician, a senior staff nurse and a staff nurse.  One of the 19 
respondents, 1 person (5.26%) did not answer this question. 
Educational qualifications  
The participants held one or more nursing and non-nursing educational 
preparations. Among the nursing educational qualifications held were (a) 
Certificate in Nursing- 2 (10.53%); (b) Diploma in Nursing – 6 (31.58%); (c) 
Post-Basic or Advanced Diploma in Nursing – 9 (47.37%); and (d) Degree in 
Nursing – 16 (84.21%). A very high percentage of the pilot participants had a 
degree and nursing but none had Honours Degree or post graduate nursing 
education at Masters and PhD levels.  However, 7 (36.8%) have higher 
educational qualifications in non-nursing fields: (a) Specialist/ Advanced 
Diploma – 4 (21.05%); (c) Degree – 1 (5.26%); (d) Honours Degree – 1 (5.26%); 
and (e) PhD – 1 (5.26%). 
Professional registration  
Among the 19 respondents that were registered with the Singapore Nursing 
Board, 19 (100%) were Registered Nurses. Two of the respondents had an 
additional professional registration: (a) Registered Midwife, 1 (5.26%); and (b) 
Registered Psychiatric Nurse and 1 (5.26%).  
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Nursing services administered 
The pilot participants came from a large general hospital that provides a wide 
spectrum of healthcare services, including those that are similar to the services 
provided by the ILTC sector. Some of these participants hold nursing 
administration responsibilities for more than one of the service types: (a) 2 
(10.53%) administer community hospital type of services; (b) 2 (10.53%) 
administer nursing home type of services; (c) 2 (10.53%) administer chronic 
sick type of services; (d) 3 (15.79%) administer inpatient hospice type of 
services; (e) 1 administer a home nursing type of services; (f) 3 administer 
ambulatory dialysis services; (g) 2 (10.53%) administers a self-care 
management type of services for diabetic patients; and (h) 10 (52.63%) 
administer other services such as geriatric  inpatient services, geriatric 
ambulatory nursing services, allergy and clinical immunology services, and 
general inpatient services.   
 
Result Of The Test-Retest 
 
To evaluate the test-retest reliability of the PHNS, PHIS-EIB, and the HAMENA 
Scale, the test and re-test scores of the pilot participants were compared to find 
evidence of stability.  The items in these scales were measured using a Likert 
scale, the sum of which produces interval level data and analyzable 
parametrically. In view of this, the test-retest reliability of these scales was 
evaluated using the intraclass correlation coefficient (ICC) (Carifio & Perla, 2008; 
Norman, 2010). 
 Although the Pearson product moment correlation coefficient (Pearson r) was 
often used in the past to quantify reliability in nursing research for continuous 
scales (Yen & Lo, 2002), its use in evaluating test-retest reliability is currently 
not well established (Weir, 2005; Yen & Lo, 2002).  The reasons for this include 
the following: (a) Pearson r measures the strength of a relation between two 
variables, not the agreement (Bland & Altman, 1986); (b) Pearson r cannot 
detect systematic error. To overcome these limitations of the Pearson r, the ICC 
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were calculated as recommended (Juul, 2006; Kottner et al., 2011; Polit & Beck, 
2012; Shrout & Fleiss, 1979; Weir, 2005; Yen & Lo, 2002) for the present study.  
In judging test-retest reliability of the instruments, there is no consensus 
currently on the interpretation of the ICC result. Hence, for judging ICC, the note 
by Nunnally and Bernstein (1994, cited in Weir, 2005) on the effect of 
measurement error on the attenuation of the correlation was used as a guideline, 
i.e., the effect of measurement error on correlation attenuation becomes minimal 
as ICCs increase to above 0.80. However, for judging the internal consistency 
reliability of the instruments used in this study (i.e., PHNS, PHIS-EIB and 
HAMENA Scale) the alpha coefficient of at least 0.70 was considered acceptable 
since these instruments are in their first stage of development. For a more 
developed instrument, the recommended alpha coefficient is at least 0.80 
(Nunnally & Bernstein, 1994; Frank-Stromborg & Olsen, 2004).  
 
Assessing the Internal Consistency of the 
Measurement Scales 
 
In this section, the general procedure followed to establish the internal 
consistency reliability of the following three measurement scales used to 
measure the dependent variables is presented: (a) PHNS, (b) PHIS-EIB; and (c) 
HAMENA Scale.  The results of the evaluation of the internal consistency of each 
of these instruments are discussed in the results sections of this chapter. 
 
Measurement errors and the need to establish reliability.  
In classic measurement theory, an observed score is seen as a combination of a 
true score (i.e., the score that the subject would get if the measurement 
instrument was perfect) and random and systematic error (DeVellis, 2003; 
Frank-Stromborg & Olsen, 2004). Random error results from chance variations 
in the instrument, the subject, or the conditions of the test administration. 
Random error reduces the consistency of measurement in two ways. They may 
(a) raise or (b) lower the observed score. Systematic bias compromises the 
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validity, or the extent to which an instrument measures what it is intended to 
measure.  
In view of the above, there is a need to develop reliable measurement 
instrument in order to maximize the true score component and minimize error 
(Polit & Beck, 2012) by establishing the internal consistency reliability of an 
instrument as estimated by Cronbach’s alpha. 
 
The use of Cronbach’s Alpha as the measure for internal 
consistency reliability 
The internal consistency of the full scale and the subscales of the Public Health 
Nursing Scale (PHNS), the Public Health Informatics Scale for Effective 
Information Behavior (PHIS-EIB), and the Healthcare Analytics Maturity Scale 
for Effective Nursing Administration (HAMENA Scale) have been assessed using 
Cronbach’s alpha as part of this action research (Cronbach, 1951; Nunnally & 
Bernstein, 1994).  
The PHNS, PHIS-EIB, and the HAMENA Scale were intended to be used as 
summated rating scales in order to provide the estimates for the following 
hypothesized predictors of the use of ILTC-IS for public health practice: (a) 
needs assessment; (b) policy development;  and (c) assurance. Scales that 
involve summing items scores (such as the PHNS, PHIS-EIB and the HAMENA 
Scale) need to show evidence that the items are indeed internally consistent or 
homogenous to the extent that these items are measuring the same latent 
variable (i.e., construct). This is to ensure that an important source of 
measurement error, the sampling of items is minimized (Cronbach, 1951; Polit & 
Beck, 2012).  
Measurement errors of instruments can seriously affect the statistical analysis 
and interpretation; hence it is important to assess the amount of measurement 
errors in the PHNS, PHIS-EIB, and HAMENA Scale, by calculating a reliability 
index such as the Cronbach’s alpha (Cronbach, 1951; Field, 2005; Nunnally, 
1978; Nunnally & Bernstein, 1994; Polit & Beck, 2012; Shrout, 1998). The 
Cronbach’s alpha as an index of internal consistency estimates the extent to 
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which different items of an instrument are really measuring the attribute they 
are intending to measure (Polit & Beck, 2012) and “corresponds closely to the 
classical definition of reliability as the proportion of variance in a scale that is 
attributable to the true score of the latent variable” (DeVellis, 2003, p.47).  
For the present study, the Cronbach’s alpha that were obtained provided the 
evidence that the items composing  the PHNS, PHIS-EIB, and HAMENA  Scale 
measure the respective attribute they are suppose to measure, and nothing else. 
In the case of the current study, for PHNS, it will be the attribute public health 
nursing competencies; for PHIS-EIB, it will be the attribute public health 
informatics skills for effective nursing administration; and for HAMENA Scale, it 
will be the attribute healthcare business analytics maturity of an organization. 
 
Assessing the Construct Validity of the Measurement 
Scales 
  
“The key construct validity question in measurement is: What is this instrument 
really measuring?” (Polit & Beck, 2012, p. 339).  Dimensions of a construct are 
usually defined during conceptualization phase (i.e. Stage 1: Scale development 
as discussed by Lynn, 1986). These dimensions are then evaluated by experts for 
content validity (i.e., Stage 2: Judgment- quantification as discussed by Lynn, 
1986). However, it is only after these dimensions are tested against actual 
responses that knowledge about what the instrument is really measuring 
becomes evident.  
Whilst the establishment of content validity is a subjective process (Lynn, 1986), 
factor analysis offers an objective, empirical method of clarifying the underlying 
dimensionality of the set of items in a questionnaire. Factor analysis enables the 
disentangling of the complex interrelationships among the questionnaire items 
and identifies items that go together as unified concepts called factors. Each 
factor or dimension of the represents a relatively unitary attribute of the 
construct (Polit & Beck, 2012). The factor analytic procedure performed to 
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establish the construct validity of the PHNS, PHIS-EIB, and HAMENA Scale was 
exploratory factor analysis (EFA). 
Evaluation of factorability 
Before undertaking the EFA, data screening and evaluation of factorability of 
data was carried out using assessment of correlations and assessment of 
sampling adequacy (Polit, 2010).  
Data screening 
All variables was assessed as being reliably measured (as evidenced by the test-
retest stability of the PHNS, PHIS-EIB, and HAMENA Scale) and subjects showed 
variation in their responses (Munro, 2001).  
Data screening was also performed to screen for missing values. In factor 
analysis, it is required that there should be a valid value on every variable for 
every person in the analysis to arrive at a rectangular matrix of values. In 
addition, since a correlation matrix based on pairwise deletion of missing values 
results in coefficients that are based on varying number of cases, they are not 
recommended to be used in factor analysis; rather, a missing values replacement 
strategy is recommended (Polit, 2010). It is also recommended that the mean 
score be used as the best estimate for the missing value (Mertler & Vannatta, 
2002). For this study, there were very few missing values and they were 
replaced with a mean score. 
 
Assessment of correlations and sampling adequacy using 
the KMO and Bartlett’s Test 
A basic requirement for factor analysis is the presence of sizeable correlations 
between the variables in the matrix. The Bartlett’s test of sphericity, which tests 
the null hypothesis that the correlation is an identity matrix (i.e., one in which 
correlations among the variables are all zero) was performed to evaluate 
factorability in terms of magnitude of correlations. Significance on the Bartlett’s 
test provides empirical support to proceed with the further evaluation of 
factorability of the data (Polit, 2010). 
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Another alternative for assessing sampling adequacy, the Kaiser-Meyer-Olkin 
(KMO) test, was performed. The KMO index which can range from 0 to 1, 
measures sampling adequacy of the individual items (using the individual KMO 
estimate called measures of sampling adequacy or MSA); and the whole scale. 
The closer the value is to 1, the better the indication for factorability since this 
indicates that “patterns of correlations are relatively compact and so factor 
analysis should yield distinct and reliable factors” (Field, 2005, p. 640).  Where 
the KMO is 0, this indicates that the sum of partial correlations is large relative to 
the sum of correlations, indicating diffusion in the pattern of correlations and 
hence, factor analysis is likely to be not appropriate (Field, 2005). 
Citing relevant work by others, when assessing KMO values, the following 
guidelines are offered by Field (2005): a KMO value of 0.5 is barely acceptable; 
between 0.5 and 0.7 are mediocre, values between 0.7 and 0.8 are good; values 
between 0.8 and 0.9 are great and values above 0.9 are superb. Polit (2010) 
offers a similar guideline: KMO values of 0.8 or higher are considered good; 0.7 
are fair; and below 0.5 is considered not acceptable for factor analysis. Other 
recommendations include the following: a KMO of 0.6 and above for the whole 
scale and 0.5 and above for the individual items provide evidence for 
factorability (Coakes & Steed, 2000; Field, 2005). 
In summary, when assessing the correlations and sampling adequacy for 
factorability of the PHNS, PHIS-EIB and the HAMENA Scale, the following 
guidelines were followed when the KMO and Bartlett’s tests were executable. 
The KMO sampling adequacy for full data set should be 0.6 and above and item 
KMO should be 0.5 and above (Coakes & Steed, 2001; Field, 2005).  The Bartlett’s 
test of spherecity should be statistically significant (p<.05) since this indicates 
that the hypothesis that all correlations, tested simultaneously are statistically 
different than zero and the rejection of the null hypothesis indicates that the 
data were appropriate for factor analysis (Tabachnik & Fidel, 2001). 
In this study, the KMO and Bartlett’s tests were executable for the PHIS-EIB. 
Hence, they were used as the method for assessing the correlations and 
sampling adequacy of the data set for the factor analysis of the PHIS-EIB. The 
Kaiser-Meyer-Olkin value for the PHIS-EIB dataset was 0.858 which is 
considered good to superb (Field, 2005; Polit, 2010). The MSA for each item, 
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which ranged from 0.644 (only one item) to 0.933, with most of the MSAs being 
0.8 and above, provided the empirical evidence for sampling adequacy. The 
significance of the Bartlett’s test, evidenced by the Approx Chi-Square (861) = 
4127.99 (p<.001) provided further empirical support for the factorability of the 
data. 
In the case of the PHNS and the HAMENA Scale, the KMO and Bartlett’s tests 
were not executable. Hence, alternative methods for assessing the correlations 
and sampling adequacy of the data sets for factorability for the PHNS and the 
HAMENA Scale were performed. The PHNS and the HAMENA Scale met these 
alternative criteria as discussed below. 
 
Alternative methods for assessing correlations and 
assessment of sampling adequacy 
If sampling adequacy cannot be met based on the KMO index of sampling 
adequacy nor the Bartlett’s test of sphericity, the criterion of including variables 
with a factor loading of 0.4 and above could not be carried out. Instead, the 
following criteria and higher thresholds were set for inclusion of variables given 
that the sample size for the factor analyses was close to 100 in this current 
study: (a) adequacy of inter-item correlation; (b) include variables that are 0.512 
and above instead of 0.4 and above; (c) each factor should at least have 4 or 
more items that load at 0.6 and above; and (d) communalities are 0.6 and above 
(Field, 2005). 
Inter-item correlations 
The degree of inter-item correlation was assessed by inspecting the correlation 
matrix of all the items. The data set for all the three scales met the criterion that 
all variables must be correlated highly with at least one other variable (Field, 
2005; Munro, 2001; Polit & Beck, 2012). Munro (2001) state that in general, for 
meaningful result to be obtained in a factor analysis, correlations between 
variables should be substantial so that each variable included correlates highly 
with at least one other variable. Correlation of between 0.3 to 0.7 has been 
recommended by Fleury (cited in Munro, 2001).  For items on the same subscale, 
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inter-item correlations between 0.30 and 0.70 are often recommended 
(Ferketich, 1990), with correlations lower than 0.30 suggesting little congruence 
with the underlying construct and 0.70 suggesting over-redundancy.  Both the 
PHNS and the HAMENA Scale met the criterion of adequacy of inter-item 
correlations for factorability. 
 
Factors loadings and sample size 
Traditionally, the sample size for factor analysis was set using traditional rules 
of thumb such as  participant to variable ratio of  10:1 (Polit, 2010). This rule-of-
thumb approach to determining sample size has recently been criticized as 
lacking in empirical basis (Field, 2005; Gaskin & Happel, 2014; MacCallum, 
Widaman, Zhang & Hong, 1999; Mundfrom & Shaw, 2005). New guidelines have 
been advanced based on empirical evidence such as the following.  Arrindell  and 
van der Ende (cited in Field, 2005) investigated the effect of different participant 
to variable ratios and concluded that changes in this ratio made little difference 
to the stability of the factor. Further, Field (2005) highlight the work in 1988 of 
Guadagnoli and Velicer that the most important factors in determining reliable 
factor solutions was the absolute sample size and the absolute magnitude of 
factor loadings. These investigators argue that if a factor has four or more 
loadings greater than 0.6, then it is reliable regardless of sample size: and those 
factors with 10 or more loadings greater than 0.4 are reliable if sample size is 
greater than 150.  
Field (2005) also point out that the study of MacCallum, Widaman, Zhang and 
Hong (1999) corroborates with the need to review the traditional “rule-of-
thumb” for assessing sampling adequacy.  These authors found out that the 
minimum sample size or sample to variable ratio depends on other aspects of 
the design of the study.  They found that the quality of factor analysis solution 
improves with higher levels of communalities.  
The results of the study of Mundform & Shaw (2005) corroborates with the 
findings of MacCallum and colleagues (1999). They found evidence that as 
communalities become lower, the importance of sample size increases.  
However, they also found that in general, minimum sample sizes appear to be 
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smaller with higher levels of communality. According to Field (2005) with all 
communalities above 0.6, “relatively small samples (less than 100) may be 
perfectly adequate” (p. 640).  
For the present study, the sample size was close to 100 (i.e., 94). The 
communalities were all greater than 0.6 for the PHNS (0.602 to 0.884) except for 
1 item with communality of 0.555. Similarly, the communalities for PHIS-EIB 
were all greater than 0.6 (0.633 to 0.931) except for 1 item with a communality 
of 0.526. As for  HAMENA Scale, except for 1 item with a communality of 0.492, 
the communalities ranged from 0.576 to .881, with most being greater than 0.6. 
Such levels of communalities are considered “high” based on following 
classification of communality patterns: (a) high – all communalities ranged 
between 0.6 and 0.8; (b) wide – all communalities ranged between 0.2 and 0.8, 
and (c) low – all communalities range between 0.2 and 0.4 (Mundfrom, Shaw & 
Tian Lu, 2009).  
 
Critical values of factor loadings based on sample size 
The above discussion highlighted that factor loadings are a gauge of the 
substantive importance of a given variable to a given factor, and hence these 
values are used to place variables with factors. It is to be noted, however, that 
the significance of the loading is to be interpreted in relation to the sample size.  
Stevens (cited in Field, 2005) produced a table of critical values against which 
factor loadings can be compared: (a) for a  sample size of 50, a loading of 0.722 
can be considered significant; (b) for 100, the loading should be greater than 
0.512; (c) for 200 it should be greater than 0.364; (d) for 300, it should be 
greater than 0.298; (e) for 600, it should be greater than 0.21; and (f) for 1000, it 
should be greater than 0.162. According to Field (2005), these values are based 
on an alpha level of .01 (two-tailed).  
In this study, the sample size for factor analysis was 94, comprising of the 20 
pilot participants and the 74 participants for the main study. Following the 
above recommendations for assessing sampling adequacy, greater than 0.512 
was set as the critical value for factor loading given that the sample size was 
close to 100. 
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Substantive importance of factor loadings 
Field (2005) highlights that the significance of loadings gives little indication of 
the substantive importance of a variable to a factor. Rather, it is the proportion 
of variance explained, which can be found by  squaring the factor loading to give 
an estimate of the amount of variance in a factor that is accounted for by the 
variable. Stevens, cited in Field (2005) recommends interpreting only factor 
loadings with an absolute value greater than 0.4 which explain around 16% of 
the variance in the variable. 
In the case of the current study, given a sample size of close to 100, a factor 
loading of > 0.512 is considered to have a substantive importance to a factor. In 
the case that a conceptually relevant item has  factor loading less than this, the 
variable will be considered for inclusion from a perspective of comprehensibility 
(Polit & Beck, 2012) provided that it is conceptually consistent and the factor 
loading is at least 0.4 (Field, 2005). Further, that the inclusion does not result in 
significant loss in reliability, i.e., Cronbach’s alpha should be no less than 0.8 
(Lance, Butts & Michels, 2006). 
 
Factor Extraction 
A fundamental assumption in factor analysis is that the underlying constructs 
are responsible for the correlation among the variables with the goal of 
extracting as much variance as possible from the common factors (Polit, 2010). 
In this study, principal components analysis (PCA) was the analytical technique 
used to extract the factors that constitute the PHNS, PHIS-EIB, and HAMENA 
Scale. 
The number of factors to be retained was determined by a combination of  the 
following criteria (Field, 2005; Garson, 2007, Lynn et al., 2009):  (a) sufficiency; 
(b) comprehensibility; (c) Kaiser Criterion using eigenvalues;  (d) uniqueness;  
(e) scree test by using the “clear elbow” criterion; and  (f) proportion of variance 
explained.   
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Sufficiency 
The critical value set for sufficiency for factor loading was greater than 
0.512 for the 81-item PHNS and the 93-item HAMENA Scale using the alternative 
methods of assessing sampling adequacy given that the sample size was close to 
100 (Field, 2005). However, in the case of the 42-item PHIS-EIB, it was set at 0.4 
and above using the KMO and Bartlett’s tests of assessing the correlations and 
sampling adequacy. 
Comprehensibility 
This is not a strictly mathematical criterion; however, it was used in 
limiting the number of factors to those whose dimension of meaning is readily 
comprehensible in order to select the solution which generates the most 
comprehensible factor structure (Garson, 2007). In other words, the number of 
factors needs to be conceptually consistent and salient (Polit, 2010).  This 
criterion was used in conjunction with the rest of the criteria described below in 




In the development of the PHNS, PHIS-EIB and HAMENA Scale, the Kaiser rule 
was used as the method of dropping the least important factors from the 
analysis The Kaiser rule is to drop all components with eigenvalues under 1.0. 
However, since using this criterion alone could lead to too many factors (Lance, 
Butts, & Michels, 2006); it was not used as the sole cut-off criterion. It was used 
with the rest of the other criteria when finalizing the number of factors to be 
included in PHNS, PHIS-EIB and the HAMENA Scale. 
Uniqueness 
Ideally, in order to achieve simple structure in scale development, items should 
load on only one factor (Edgar, Mayer & Scharff, 2009). In cases where complex 
variables are present - items that have high loadings on more than one factor 
(Coakes & Steed, 2001) - the following guidance informed the decision on 
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whether to include or exclude a particular complex variable. Polit (2010) noted 
that some researchers assign an item to one factor versus the other if the 
difference in loadings is at least 0.20 higher on the factor to which it will be 
assigned. Lynn et al. (2009) used the criterion of no cross loading closer than 
0.15. In this study, in handling complex loadings, the items were assigned to the 
factor that they are thematically coherent, conceptually consistent, and salient 
(Garson, 2007; Polit, 2010) and / or with the higher factor loading. When the 
difference between the factor loadings are < 0.20, for comprehensiveness, an 
item was still retained and was assigned to the factor that it is meaningfully to be 
grouped with (Garson, 2007) provided there was evidence of internal 
consistency reliability with the inclusion of the item.   
Internal consistency measures the degree to which a set of items designed to 
measure the same concept are inter-correlated. A high Cronbach’s alpha 
indicates that an instrument is internally consistent or homogenous to the extent 
that that all items are inter-correlated and thus are measuring the concept of 
interest and nothing else. A coefficient alpha of 0.80 and above is desirable; 
however, a coefficient alpha of 0.70 is considered adequate (Frank-Stromborg & 
Olsen, 2004; Nunnally & Bernstein, 1994; Polit, 2010; Polit & Beck 2012). The 
Cronbach’s alpha for both the full instrument and the domains (factors) are all 
above 0.80 for the PHNS (Table 6), PHIS-EIB, (Table 10), and HAMENA Scale 
(Table 13). 
Scree plot 
The Cattell scree test plots the components (i.e., factors) as the X axis and the 
corresponding eigenvalues as the Y axis and as one moves to the right, toward 
later components, the eigenvalues drop. When the drop ceases and the curve 
makes an elbow toward less steep decline, Cattell's scree test recommends to 
drop all further components after the one starting the elbow, i.e., when one 
reaches a “clear elbow” (Garson, 2007; Field, 2005; Polit, 2010) This rule was 
also used in the development of the PHNS, PHIS-EIB, and HAMENA Scale. 
However, since the criterion of “clear elbow” test is sometimes criticized that 
picking the "elbow" can be a subjective process and that the researcher may be 
tempted to set the cut-off at the number of factors desired by the researcher’s 
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agenda, the scree test criterion was used in conjunction with rest of the criteria 
for deciding on the number of factors. 
Proportion of variance explained 
Some researchers use the rule of keeping enough factors to account for 90% 
(sometimes 80%) of the variation (Garson, 2007). In this study, given the long 
lengths of the pre-validated questionnaires (i.e., 93 items for Questionnaire 2 
which include items for developing the PHNS and the PHIS-EIB; and 113 items 
for Questionnaire 3 which include the items for developing the HAMENA Scale) 
the following decision rule was followed in order to achieve parsimony (i.e., 
explaining variance with as few factors as possible):  the number of factors 
extracted should be able to explain at least 50% of the variance, and these 
factors are conceptually coherent and salient (Garson, 2007; Polit, 2010).   
 
Sample For Assessing Construct Validity And Internal 
Consistency 
  
The sample size for evaluating the construct validity and internal consistency of 
the measurement scales was 94, consisting of the 20 respondents from the pilot 
phase and the 74 respondents of the main study phase. The use of responses of 
the main study participants in factor analysis was based on the professional 
advice of  an associate professor in statistics of the Yong Loo Lin School of 
Medicine, National University of Singapore. This approach to  factor analysis was 
also implemented in the validation of the Caregiver Reaction Assessment scale in 
Singapore (Malhotra, Chan, Malhotra, & Østbye, 2013) which was used in the 
Singapore survey on informal caregiving (Østbye, Malhotra, Malhotra, 
Arambepola & Chan, 2013), 
 
The following descriptive statistics describe the 94 respondents in terms of the 
following: (a) demographic profile; (b) job scope in the organization; (c) 
educational qualification; (d) professional registration; (e) regulatory 
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environment of the participant’s organization; and (f) the nursing services that 
the participants administer. 
Demographic profile 
The 94 respondents came from the following health care organizations in 
Singapore: (a) a general hospital that caters primarily to the elderly population 
of Singapore and provides comprehensive services including sub-acute, nursing 
home; and community outreach services; (b) community hospitals; (c) nursing 
homes; d) home care services; (e) hospice care services; and (f) diabetic 
education centers. There were 86 females (91.5%) and 8 males (8.5%) who 
participated in this scale development and evaluation study. The average age of 
participants was 48.84 (SD: 10.62) years. The youngest participant was 28 and 
the eldest was 73 years old. 
Job scope 
Among the 94 participants, most (48 or 51.1%) were administrators of nursing 
service only, followed by nurses who perform other nursing administration 
functions in the institutions (25 or 26.6%) such as ward managers, diabetic 
nurse educators, infection control nurses, nurse clinicians, nurse educators, 
trainers, clinical instructors, wound nurses and infection control nurses. 
Eighteen (19.1%) perform the functions of the administrator of the nursing 
service and other health care functions in the organization such as being the 
Executive Director, Deputy Executive Director, Director (Inpatient Service 
Cluster), Clinic Manager (Home Health Team), Operations Manager, Human 
Resource Manager, Business Development Manager, Housekeeping Manager, 
Clinical Coordinator, and Pastoral Care to Staff and Residents.  
Educational qualifications 
 The participants held one or more nursing and non-nursing educational 
preparations. Among the nursing educational qualifications held were (a) 
Certificate in Nursing - 34 (36.2%); (b) Diploma in Nursing – 19 (20.2%); (c) 
Post-Basic or Advanced Diploma in Nursing – 41 (43.6%); (d) Degree in Nursing 
– 49 (52.1%); (e) Honours Degree in Nursing – 2 (2.1%); (f) Masters in Nursing – 
5 (5.3%); and (g) PhD in Nursing – 1 (1.1%). Among the non-nursing educational 
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qualifications held were (a) Diploma – 6 (6.4%); (b) Specialist/ Advanced 
Diploma – 9 (9.6%); (c) Degree – 10 (10.6%); (d) Honours Degree – 2 (2.1%); 
and (e) Masters – 6 (6.4%). 
Professional registration 
 Among the 94 participants that were registered with the Singapore Nursing 
Board, 91 (96.8%) were Registered Nurses, 11 (11.5%) were Registered 
Midwife, 1 (1.1%) was a Registered Psychiatric Nurse and 1(1.1%) was an 
Advance Practice Nurse.    
 
Type of organization 
Among the 94 participants: (a) 6 (6.4%) were from voluntary welfare 
organizations not funded by public financing; (b) 53 (56.4%) were from 
voluntary welfare organizations funded by public financing; and (c) 15 (16%) 
were from private organizations that receive subvention for the care of 
subsidized patients; and 20 (21.28%) were from a public general hospital. None 
of the respondents are from the private sector. 
 
Nursing services administered 
The 94 participants administer one or more type of nursing services depending 
on the breadth of nursing services provided by their respective organizations. 
The types of nursing services administered by the participants were as follows: 
(a) 22 (23.4%)  administer community hospital nursing services; (b) 47 (50%) 
administer nursing home services; (c) 6 (6.4%) administer chronic sick services; 
(d) 9 (9.6%) administer inpatient hospice services; (e) 2 (2.1%) administer 
home hospice services; (f) 5 (5.1%) administer home nursing services; (g) 7 
(7.4%) administer diabetic education and care services; and (h) 3 (3.2%) 
administer dialysis services. 
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Table 3: Participants’ Characteristics of Scale Development 
and Evaluation  
Characteristics N % 
By Job Scope 
Administrator/ Head of Nursing Service Only 48 51.1% 
Administrator/ Head of Nursing Service Only Plus Other Healthcare 
Administration Role (e.g. Executive Director, Quality Manager, Infection 
Business Development Manager) 
18 19.1% 
Other Nursing Administration Roles (e.g. APN, Nurse Clinician, Nurse 
Educator, etc.) 
25 26.6% 
By Educational Qualifications in Nursing* 
Certificate  34 36,2% 
Diploma  19 20.2% 
Post-Basic/ Advanced Diploma 41 43.6% 
Degree  49 52.1% 
Honours Degree  2 2.1% 
Masters 5 5.3% 
PhD 1 1.1% 
By Educational Qualifications Other Than Nursing** 
Diploma 6 6.4% 
Specialist/ Advanced Diploma 9 9.6% 
Degree 10 10.6% 
Honours 2 2.1% 
Masters 6 6.4% 
By Professional Registration in Nursing*** 
Registered Nurse 91 96.8% 
Registered Midwife 1 1.1% 
Registered Psychiatric Nurse 1 1.1% 
Advanced Practice Nurse 1 1.1% 
 92 
By Type of Organization  
Voluntary Welfare Organization – Funded by Charities 6 6.4 % 
Voluntary Welfare Organization – Funded by Charities and Subsidies 53 56.4% 
Private (Funded for Subsidized Patients) 15 16% 
Public General Hospital 20 21.8% 
By Type of Services Administered**** 
Community Hospital 22 23.4% 
Nursing Home  47 50% 
Chronic Sick Unit 6 6.4% 
Inpatient Hospice 9 9.6% 
Home Hospice 2 2.1% 
Home Nursing 5 5.1% 
Dialysis Services 3 3.2% 
*Note 1:  Participants may have more than 1 educational qualification in Nursing 
**Note 2:  Participants may have more than 1 Non-Nursing educational qualification  
***Note 3 Participants may have more than 1 professional registration 
***Note 4 Participants may administer more than 1 type of nursing service 
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RESULTS AND DISCUSSION 
 
 
SECTION 1 - Scale Development and Evaluation of 
the PHNS 
 
This section presents the scale development and the establishment of the 
psychometric properties of the Public Health Nursing Competency Scale (PHNS) 
that was used to measure the predictor variable, competency in public health 
nursing. This scale focused on the self-assessment of the level of competency of   
ILTC nurse administrators in public health as applied to nursing practice. 
 
Information behavior and the design of information 
systems. 
It is posited that information systems would be most effective if their design is 
informed by an understanding of the information behavior of their intended 
users. (Corcoran-Perry & Graves 1990; Fidel & Pejtersen, 2004). Vakkari (2003) 
argues that taking work task into account is a necessary condition for 
understanding and explaining information behavior, and by extension, for 
effective design of information systems to meet the information needs generated 
by these work tasks.  
 
The need for a scale to measure public health nursing 
competency 
The findings of the review of the literature suggests that competence of nurse 
administrators in performing the tasks associated with their public health 
nursing functions of needs assessment, policy development, and assurance 
influences their information behavior. As such, this thesis hypothesized that the 
higher the level of public health nursing competency, the higher is the use of the 
ILTC-IS by the nurse administrator for public health practice to protect the 
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health and ensure the safety of the population of patients in the ILTC sector of 
the Singapore health care system.  
To test this hypothesis, there was a need for an instrument to measure the public 
health competency of the ILTC nurse administrators. The Public Health Nursing 
Competency Scale (PHNS) was developed and validated to meet this 
measurement need.  
This section describes the development of the PHNS as adapted from the 
competencies of public health professionals (Council on Linkages Between 
Academia and Public Health Practice, 2001). This section also discusses the 
establishment of the psychometric properties of the PHNS (i.e., content validity, 
test-retest reliability, construct validity and internal consistency) in Singapore 
setting through the use of four analytical processes: (a) content validation; (b) 
pilot testing and establishment of inter-rater reliability; (c) factor analysis; and 
(d) establishment of internal consistency reliability. 
Validity, which is the extent to which an instrument measures what it is intended 
to measure (Polit, 2010; Polit & Beck 2012), is a crucial factor when applying the 
PHNS  to measure the competence of ILTC nurse administrators in public health 
nursing. Carmines and Zeller (1979) explain that while the definition of validity 
seems simple and straightforward, there are several different types of validity 
that are relevant in social sciences: (a) criterion validity, (b) content validity, and 
(c) construct validity.   
Each of these types of validity takes somewhat different approach in assessing 
the extent to which an instrument measures what it purports to: (a) criterion 
validity should be used in any situation or area of scientific inquiry in which it 
makes sense to correlate scores obtained on a given test with performance on a 
particular criterion or set of relevant criteria; (b) content validity depends on the 
extent to which an empirical measurement reflects a specific domain of content; 
and (c) construct validity is concerned with the extent to which a particular 
measure relates to other measures, consistent with theoretically derived 
hypotheses concerning the concepts (or constructs) that are being measured 
(Carmines and Zeller, 1979).  
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In developing the PHNS, its content and construct validity were established.  The 
following section discusses the content validation process and results of the 
Public Health Nursing Competency Scale (PHNS). 
 
Content Validation of the PHNS 
 
 The method proposed by Lynn (1986) for the content validation of cognitive 
instrument which consists of two main stages (i.e., development stage which 
consists of three steps; and judgment–quantification stage which consists of two 
steps) was used when performing the content validation of the PHNS.  
The number of experts involved in content validation was three, consisting of a 
Professor of public health nursing, an Assistant Director of Nursing of a chain of 
government polyclinics who has an educational background in community 
health, and an Assistant Director of Nursing of an acute hospital that provide 
geriatric care across the continuum of care, including nursing home care and 
community care outreach. The determination of the number of experts 
depended on the accessibility and agreement of experts to serve as content 
validators. 
 
Development stage of the PHNS  
The development stage of an instrument consists of 3 steps: (a) Step 1 - 
identification of full content domain; (b) Step 2 - sampling and item generation; 
and (c) Step 3 - assimilation of items into usable form (Lynn, 1986). In this study, 
the investigator did not carry out steps 1 through 3 since the PHNS was based on 
the set of public health core competencies that has already been defined by the 
Council of Linkages’ Core Competencies for Public Health Practice (COL) (2001) 
and has been validated in the American context (Edgar, Mayer & Scharff, 2009). 
The following section present the development of the PHNS based on the 2001 
COL core competencies. 
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The 2001 Council on Linkages (COL) core competencies of public 
health professionals 
In order to assess and develop the competencies of public health professionals in 
the United States of America (USA), the Council on Linkages between Academia 
and Public Health Practice (COL) developed a set of 8 competencies on the basis 
of the ten essential public health services. These core competencies include: (a) 
analytic and assessment skills; (b) policy development and program planning 
skills; (c) communication skills; (d) cultural competency skills; (e) community 
dimensions of practice skills; (f) basic public health science skills; (g) financial 
management and planning skills; and (h) leadership and systems thinking.  
The 2001 COL list of core competencies represent 10 years of work on this 
subject by the 15-member organizations in the United States of America whose 
missions include improving public health education and practice. These 
competencies were developed by the COL through a process in which multiple 
methods were used to gather comments from public health professionals such as 
public comment period, focus groups, conference sessions, and Web comments. 
Over 1,000 public health professionals in the USA reviewed the list during the 
public comment period.  The comments from public health professionals in a 
broad array of disciplines and practice settings led to this consensus set of core 
competencies for guiding public health workforce development effort. The core 
competencies represent a set of skills, knowledge and attitudes necessary for the 
broad practice of public health that transcend the boundaries of the specific 
disciplines within public health and help to unify the public health profession 
(Edgar, Mayer & Scharff, 2009; Quad Council, 2004). 
The COL core competencies for public health professionals are continually 
updated, the current version being the 2010 version (Council on Linkages 
Between Academia and Public Health Practice, 2010). A revised version is due 
for release in June 2014 (Public Health Foundation, n.d.).  The 2001 COL core 
competencies were adapted to public health nursing in the United States of 
America by the Quad Council of Public Health Nursing Organizations (Quad 
Council) (2004) and was recently revised in 2011 in line with the 2010 revision 
of the COL core competencies for public health professionals (Quad Council of 
Public Health Nursing Organizations, 2011).   
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Although there were recent revisions to the 2001 version of the list of the core 
competencies for public health professionals (Council on Linkages Between 
Academia and Public Health Practice, 2010; Quad Council of Public Health 
Nursing Organizations, 2011) the public health competency statements of the 
PHNS reported in this thesis were based on the original 2001 Council on 
Linkages (COL) core competencies of public health professionals (Council on 
Linkages Between Academia and Public Health Practice) for two reasons: (a)  
documentation of the construct validity of the 2001 COL core competencies in 
the United States of America is available (Edgar, Mayer, &  Scharff, 2009); and 
(b) the 2001 COL list of core competencies for public health professional that 
was adapted to public health nursing by the Quad Council (2004) was the 
version available during the developmental stages of the PHNS (i.e., prior to the 
release of the Quad Council of the 2011 version of the core competencies of 
public health nurses). 
The investigator has requested the Public Health Foundation (PHF) of the United 
States of America (USA) to use the Council of Linkages’ Core Competencies for 
Public Health Practice (2001) to be adopted for use in this study to measure the 
public health nursing competency of nurse administrators. After obtaining the 
kind permission from the Public Health Foundation, following the example of the 
Quad Council in adopting the COL list of core competencies to public health 
nursing in the United States of America (2004), the investigator developed the 
items of the PHNS by applying the 2001 COL list of core competencies to the 
context of the practice of public health nursing by the nurse administrators of 
the intermediate and long term care (ILTC) sector of the Singapore health care 
system.  
In developing the PHNS instrument, the five-point Likert-type rating scale of the 
General Public Health Professionals Self Assessment scale developed by  North 
Carolina Public Health Academy, University of North Carolina (The North 
Carolina Public Health Academy, n.d.) was adopted by the investigator to 
measure the level of competency of the nurse administrators on each of these 
key dimensions of public health practice: 0 =  N/A (This skill is not applicable to 
my job): 1 = None (I am unaware, or have very little knowledge of the item); 2 = 
Awareness (I have heard of it; limited knowledge and/ or ability to apply the 
skill); 3 = Knowledgeable (I am comfortable with knowledge or ability to apply 
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the skill); 4 = Proficient (I am very comfortable, and expert; could teach this to 
others). The draft version of the PHNS in the form of Questionnaire 2: Training 
Needs Assessment –Competencies on Key Dimensions of Public Health Practice was 
then presented for content validation by a panel of experts.  
Judgment–Quantification stage of the PHNS 
 This stage is described by Lynn (1986) as consisting of two steps including: (a) 
Step 4 - the assertion by a specific number of experts that the items are content 
valid; and (b) Step 5 - the determination that the entire instrument is content 
valid. Previous scale development studies have used no more than 10 content 
experts, however, the recommend minimum number is at least three (Lynn, 
1986). For this study, there were three content experts with nursing background 
who agreed to perform the content validation of the PHNS: (a) a Professor of 
public health nursing; (b) an Assistant Director of  Nursing with formal post-
registration education in community health nursing and who performs a senior 
nursing management role of a large chain of public primary health care clinics 
across Singapore; and (c) an Assistant Director of Nursing with formal training 
and experience in education and research and who performs a senior nursing 
management role for a large general hospital that caters primarily to elderly 
patients from acute care, step-down care, nursing home and community-
oriented nursing care. The content experts were asked to rate the 
representativeness of each item of the draft version of the PHNS using the 
following rating scale: (a) 1 = Item is not representative of the competence; (b) 2 
= Item needs major revision to be representative of the competence; (c) 3 = Item 
needs minor revision to be representative of the competence; and (d) 4 = Item is 
representative of the competence.  
The content experts were also asked for the clarity of the items of the PHNS 
using the following rating scale: (a) 1 = Item is not clear; (b) 2 = Item needs 
major revision to be clear; (c) 3 = Item needs minor revision to be clear; and (d) 
4 = Item is clear.  
In addition to evaluating the representativeness and clarity of the items, the 
content experts were also asked for any omissions. There were no omissions 
identified by the experts. However, suggestions were made to cast the items to 
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be more specific and to give illustrative examples where relevant as some of the 
statements in the questionnaires in their original version contain complex items. 
In addition, suggestions were made to make the wordings relevant to the context 
of the healthcare setting of Singapore. 
Quantification of the CVI of the PHNS  
Based on the ratings of the three content experts, the content validity of the 
PHNS was assessed by applying the index of content validity index (CVI) (Lynn, 
1986). The CVI was used in both steps of the judgment stage of content validity 
determination, namely, item evaluation (Step 4) and entire instrument 
evaluation (Step 5). The CVI was determined for each item by determining the 
proportion of experts who rate it as content valid (a rating of 3 or 4) and the 
content validity of the entire instrument was established by determining the 
proportion of total items judged by the experts as content valid. Since there are 
only three experts, all experts must agree (ratings of 3 and 4) before an item or 
instrument is considered content valid, i.e., statistically significant at 5% alpha 
(Lynn, 1986). 
Like the 2004 Quad Council’s list of core competencies for public health nurses 
(Quad Council, 2004), the first draft of the PHNS contains 70 specific 
competencies distributed among the eight domains of public health nursing 
practice. During the first round of content validation,  except for one item that 
had 0% agreement, the CVI for each item ranged from 66.66% (2 out of 3 experts 
agreeing that the item is relevant in Singapore setting) to 100% (3 out of 3 
experts agreeing that the item is relevant to Singapore setting) except for one 
item. Most of the disagreements are attributed to the need to make major 
revision in the wordings of complex competency statements by breaking up 
items with multiple competencies within the statement to make them clearer 
and more specific. For example, item 5 of the basic public health sciences 
competency domain, “Applies the basic public health sciences including behavioral 
and social sciences, biostatistics, epidemiology, environmental public health, and 
prevention of chronic and infectious diseases” was deemed to be too complex and 
needed to be asked one competency at a time to enable the respondent to 
indicate their level of competency for each of the basic public health sciences.  
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The investigator amended the instruments accordingly and requested the 
context experts to re-validate the amended items.  After achieving 100% 
agreement among the content validators on all the items, the PHNS in the form 
of Questionnaire 2: Training Needs Assessment –Competencies on Key Dimensions 
of Public Health Practice was revised accordingly and consisted of 93 items 
(instead of the original 70 items). The revised questionnaire was administered 
to 20 participants for pilot testing and for the establishment of the test-retest 
reliability of the PHNS. 
 
Test-Retest Reliability of the PHNS 
Before performing the intraclass correlation to assess the test-retest reliability 
of the PHNS, the assumption of normal distribution was established through 
numerical and graphical methods using the Shapiro-Wilk test and the Q-Q plot 
graph respectively. Data were analyzed using IBM SPSS Statistics Version 19 
(IBM, 1989). The Q-Q plot of data for the test scores appear to be approximately 
normal because the values create a linear line and close to the trend line. The 
normal distribution is also confirmed by the non-significant result of the 
Shapiro-Wilk test (p = .809). Similarly, the re-test score was found to be 
normally distributed as evidenced by the values of the re-test scores creating a 
linear line and close to the trend line and the non-significant result of the 
Shapiro-Wilk test (p = .284). 
 
Establishing the test-retest reliability of the PHNS using the 
intraclass correlation coefficient (ICC) 
 There are many types of ICC estimates. Each type is appropriate for specific 
situations defined by the study design and the intent of the study (McGraw & 
Wong, 1996; Shrout & Fleiss, 1979; Weir, 2005). In establishing the test-retest 
reliability of the PHNS, a two-way mixed effects ICC model was chosen to match 
the test-retest study design for evaluating stability reliability (Weir, 2005). Two-
way models of ICC allow measurement error to be partitioned between 
systematic error due to the repeated administration of the measurement scale 
(i.e., trials) and random error due to the participants (i.e., subjects).  
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Weir (2005) explains that that the test-retest situation dictates that trials are 
crossed with subjects and therefore lend themselves to analysis by 2-way 
models. Furthermore, with regard to fixed versus random effects, Weir (2005) 
elaborates that a fixed factor is one in which all levels of the factor of interest (in 
this case trials) are included in the analysis and no attempt at generalization of 
the reliability data beyond the confines of the study is expected. Weir (2005) 
added that the determination of the reliability of the test before using it in a 
larger study (such as the present study) fits this description of fixed effects. 
Hence, to establish the test-retest reliability of the PHNS, the type of ICC 
procedure that was used was the two-way, mixed effects ICC model. Data were 
analyzed using IBM SPSS Statistics Version 19 (IBM, 1989). The result of the ICC 
for the test-retest of the PHNS is shown Table 4.  
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F Test with True Value 0 
















.716 .408 .879 6.089 18 18 <.001 
Average 
Measures 
.834 .580 .936 6.089 18 18 <.001 
*Two-Way Random Mixed Model 
Note 1:  F = F values; df = degrees of freedom 
 
In this scale development and evaluation study, the interest is in the average 
measure intra-class correlation coefficient [ICC2,2 = 0.834] because the 
instruments will be administered more than once; at baseline measurement 
during the Phase 1 of the action research and during Phase 3 for the repeat 
measurement. The average measure ICC is recommended to be reported when 
an instrument is being administered twice or more times (Yen & Lo, 2002). 
Currently, there is no consensus on the interpretation of the ICC result. However, 
it is to be noted that the higher the estimation, the better the reliability (Yen & 
Lo, 2002). For judging intraclass correlation, the note by Nunnally and  Bernstein 
(1994, cited in Weir, 2005) on the effect of measurement error on the 
attenuation of the correlation provided guidance:  the effect of measurement 
error on correlation attenuation becomes minimal as ICCs increase to above 
0.80. Using this guidance, the test-retest reliability of the PHNS was established 
given the following result: ICC coefficient for average measures of 0.834, 95% CI 
[0.580, 0.936], F(18, 18) = 6.089 that is statistically significant (p <.001).     
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Construct Validity of the PHNS 
 
Factor analysis was conducted to summarize the structure of the set of variables 
collected using the PHNS. The following steps were followed:  (a) computation of 
the correlation matrix in order to assess the appropriateness of the factor 
analytic model; (b) factor extraction in order to determine the number of factors 
that are necessary and meaningful to present the data; and (c) rotation in order 
to make the factor structure more interpretable. 
Data analysis 
Exploratory factor analysis (EFA) using IBM SPSS Statistics Version 19 (IBM, 
1989) was performed. Principal component analysis was used for extracting the 
factors. To make the factor structure more interpretable, orthogonal rotation 
using varimax procedures was executed since there was no sizable correlation 
among the components (i.e., correlations among the components were less than 
0.3). In addition, since the sample size for factor analysis was close to 100 (i.e., 
94), factor loading of greater than 0.512 was indicated for factor extraction, 
instead of 0.4 (Field, 2005). 
Factor structure of the PHNS 
Repeated explanatory factor analyses using PCA and varimax rotation were 
carried out until a simple structure for the PHNS was arrived at. Table 5 presents 
the results of the factor analysis for the PHNS. The model yielded 8 factors.  The 
domains on the vertical axis of Table 5 represent the 2001 COL core public 
health competency domains. The 8 factors on the top horizontal axis of Table 5 
are the PHNS factors. Factor 1 was named PHNS Domain 1: Leadership, 
Management, and Systems Thinking because the items described the leadership, 
management, and systems thinking competency of the nurse administrators. 
Factor 2 was named PHNS Domain 2: Policy Development and Planning 
Competency since the items described the policy development and program 
planning competency of the nurse administrators. Factor 3 which include items 
describing the competency of nurse administrators in the basic public health 
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sciences was named PHNS Domain 3: Basic Public Health Sciences. Factor 4 was 
named PHNS Domain 4: Analytics and Assessment Competency given that the 
items describe the ability of the nurse administrators to carry out quantitative 
and qualitative analyses for needs assessment; and the ability to use information 
technology for data management. Factor 5 was named PHNS Domain 5: 
Assessment of the Health Status and Utilization of Health Services Competency 
because it includes items describing the competency of nurse administrators in 
assessing the determinants of the health status of the population and their 
utilization of health services. Factor 6 was named PHNS Domain 6: Recognition of 
How Data Illuminate the Ethical, Political, Scientific, Economic, Social, and the 
Overall Public Health Issues Competency because they describe the ability of the 
nurse administrators to recognize how data illumines the many facets of public 
health issues. Factor 7 was named PHNS Domain 7: Communication & Public 
Health Advocacy Competency because the items defining this factor describe 
those relating to the competence of nurse administrators in communications in 
relation to promoting the publics’ health. Finally, Factor 8 was named PHNS 
Domain 8: Cultural Competency because they describe the nurse administrators’ 
ability to consider the cultural aspects of public health practice. The items of 
each of the 8 PHNS Domains and the factor loading of each item are presented in 
Table 6: Item Content and Factor Loadings for the 81 Items of the PHNS. The 
process followed for selecting the items for each of the 8 PHNS domains are 
described in detail following Table 6. 
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Table 5: Result of Varimax Rotation of PHNS 
 



















          
Analytic/ 1 .100 -.019 .079 .588 .201 .182 .175 -.006 
Assessment 2 .178 .118 .273 .769 -.031 -.091 .169 -.050 
 3 .206 .129 .248 .774 .058 -.026 .208 -.088 
 4 .125 -.041 .080 .619 .129 .088 .169 .198 
 5 .059 .160 .085 .828 .077 .002 .122 .110 
 6 .027 .162 .006 .761 .172 .221 -.105 .101 
 7 .132 .250 -.048 .769 .211 .257 -.017 .206 
 8 .230 .344 -.077 .714 .090 .170 .087 .159 
 9 .215 .232 .254 .660 .125 .063 .047 .133 
 10 .179 .268 .040 .714 .197 .293 .020 .105 
 11 .134 .258 .100 .727 .159 .247 .162 .138 
 12 .154 .303 .098 .675 .157 .328 .169 .032 
 13 .111 .220 .136 .560 .126 .510 .057 .001 
 14 .212 .205 .223 .604 -.052 .305 .159 .041 
 15 .023 .304 .226 .380 -.090 .674 .144 .116 
 16 .067 .283 .259 .360 .050 .710 .053 .005 
 17 .197 .322 .152 .262 .201 .727 .174 -.058 
 18 .128 .378 .210 .262 .251 .729 .090 -.072 
 19 .181 .348 .334 .302 .249 .607 .181 -.064 
 20 .108 .343 .351 .269 .268 .651 .096 -.046 
Policy 21 .164 .460 .139 .474 .182 .413 .120 -.139 
Development  22 .194 .626 .186 .277 .206 .223 .107 .239 
& Program 23 .131 .644 .107 .239 .156 .404 .059 .227 
Planning 24 .133 .752 .238 .237 .128 .172 -.004 .020 
 25 .194 .694 .220 .228 .244 .307 .062 .048 
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 26 .225 .708 .184 .260 .227 .228 -.050 .135 
 27 .153 .827 .259 .143 .081 .131 .101 .122 
 28 .156 .804 .225 .205 .099 .219 .122 -.034 
 29 .200 .782 .188 .176 .167 .220 .133 -.003 
 30 .260 .750 .106 .143 .125 .243 .100 .121 
 31 .231 .537 .129 .197 .173 .405 .194 .252 
 32 .277 .515 .285 .220 .173 .150 .330 .131 
 33 .279 .571 .228 .169 .199 .131 .268 .024 
 34 .345 .507 .244 .282 .157 .120 .229 .235 
 35 .278 .670 .257 .205 .130 -.126 .256 .167 
 36 .355 .570 .303 .208 .280 -.011 .240 .151 
 37 .239 .485 .395 .197 .029 .014 .315 .159 
Communication 38 .032 .136 .115 .153 .042 .086 .866 .076 
 39 .001 .092 .081 .135 .095 .182 .815 .122 
 40 .132 .253 .098 .244 -.085 .134 .681 .078 
 41 -.019 .399 .312 .207 .294 .169 .529 -.013 
 42 .135 .426 .068 .195 .360 -.045 .562 .160 
 43 .174 .402 .047 .149 .459 .071 .175 .089 
 44 .331 .363 .272 .205 .459 -.080 .325 .267 
 45 .233 .186 .138 .034 .223 -.031 .426 .510 
Cultural  46 .179 .171 .225 .295 .226 -.101 .129 .650 
Competency 47 .208 .349 .349 .185 .362 -.085 .152 .406 
 48 .219 .246 .270 .265 .234 -.076 .217 .552 
 49 .163 .222 .331 .172 .301 -.031 .076 .620 
 50 .171 .018 .416 .106 .154 .168 .086 .509 
Community  51 .379 .429 .374 .189 .326 .136 .287 -.004 
Dimensions of  52 .289 .430 .414 .211 .417 .060 .159 -.189 
Practice 53 .287 .472 .361 .164 .499 .164 .272 -.035 
 54 .273 .335 .342 .205 .577 .181 .257 .110 
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 55 .295 .465 .386 .176 .498 .131 .176 .052 
 56 .334 .299 .344 .252 .577 .210 -.005 .130 
 57 .246 .586 .215 .026 .493 .246 .033 .020 
 58 .276 .440 .278 .136 .623 .193 .035 .170 
Public Health  59 .191 .221 .332 .228 .578 .095 .022 .267 
Sciences 60 .184 .159 .331 .250 .661 .227 .061 .330 
 61 .086 .192 .389 .169 .688 .130 .021 .201 
 62 .181 .261 .426 .158 .622 .144 -.049 .301 
 63 .129 .266 .662 .076 .381 .064 .142 .119 
 64 .230 .265 .623 .310 .264 .016 .084 .116 
 65 .224 .426 .552 .191 .340 .054 .281 -.109 
 66 .263 .355 .556 .257 .325 .082 .278 -.139 
 67 .217 .210 .533 .217 .329 .203 .194 .278 
 68 .205 .136 .718 .205 .235 .163 .076 .089 
 69 .188 .205 .737 .065 .140 .167 .127 .231 
 70 .173 .252 .709 .033 .194 .242 .089 .031 
 71 .223 .159 .752 .034 .075 .211 .004 .126 
 72 .217 .215 .722 .020 .113 .239 .042 .196 
 73 .300 .248 .721 .062 .152 .039 -.011 .213 
 74 .342 .232 .624 .234 .230 -.001 .244 .040 
 75 .339 .219 .706 .104 .076 .151 .019 .065 
Financial  76 .841 .155 .006 .253 .055 .048 .155 .034 
Planning  77 .847 .122 .153 .162 .203 .043 .107 .053 
& Management 78 .833 .133 .092 .113 .244 .103 .115 .217 
 79 .839 .144 .104 .194 .181 .045 .136 .193 
 80 .838 .209 .111 .147 .152 .158 .115 .099 
 81 .831 .246 .089 .127 .087 .085 .109 .044 
 82 .798 .301 .147 -.065 .088 -.003 .096 .147 
 83 .763 .264 .084 .070 -.006 .247 -.013 .165 
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 84 .796 .223 .135 .178 .115 .023 .069 .066 
 85 .795 .124 .177 .170 .085 .057 -.020 .129 
Leadership and 
Systems 
86 .742 .117 .198 .062 .047 .025 -.101 .099 
Thinking 87 .689 .195 .191 .031 .116 -.020 -.084 .031 
 88 .726 .170 .274 .173 .210 .087 -.079 -.135 
 89 .765 .142 .253 .167 .203 .061 .175 -.191 
 90 .738 .143 .324 -.004 .028 .048 .008 -.007 
 91 .702 .121 .286 .139 .053 -.024 -.071 .089 
 92 .672 .078 .302 .156 .113 .160 .090 -.032 
 93 .724 .016 .338 .143 .002 .033 -.079 .124 
          
Eigenvalue  41.78 7.66 5.29 3.74 3.47 2.60 2.16 1.87 
Total variance explained (%) 44.92 8.23 5.69 4.02 3.73 2.79 2.33 2.01 
           
Note: factor loading > 0.512 are in bold 
When deciding to which factor a particular complex variable was to be assigned 
in the final version of the PHNS, the following rule was applied. The item was 
assigned to one factor versus the other if the difference in loadings was at least 
0.20 higher on the factor to which it will be assigned (Polit, 2010). If the 
difference is <0.20, a variable will still be retained to the factor that it loaded 
higher, provided it was conceptually and thematically coherent with the rest of 
the items; and it did not lower the internal consistency reliability of the factor 
below 0.8 (Field, 2005; Garson, 2007; Nunnally & Bernstein, 1994; Polit 2010). 
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Table 6: Item Content and Factor Loadings for the 81 Items 
of the PHNS Used to Measure the Public Health Nursing 
Competency of Nurse Administrators 
  PHNS Domain 1.Competence in Leadership , Management 
and System Thinking Skills 
Factor 
Loadings 
1 To what degree are you able to manage programmes within 
budget constraints? 
0.847 
2 To what degree are you able to develop and present a budget? 0.841 
3 To what degree are you able to develop strategies for determining 
budget priorities? 
0.839 
4 To what degree are you able to monitor programme performance? 0.838 
5 To what degree are you able to apply budget processes? 0.833 
6 To what degree are you able to prepare proposals for funding from 
external sources? 
0.831 
7 To what degree are you able to apply basic human relations skills 
to the management of organisations, motivation of personnel and 
resolution of conflicts? 
0.798 
8 To what degree are you able to negotiate and develop contracts 
and other documents for the provision of population-based 
services? 
0.796 
9 To what degree are you able to conduct the various methods for 
economic evaluation, i.e. cost-effectiveness analysis, cost-benefit 
analysis and cost-utility analysis? 
0.795 
10  To what degree are you able to facilitate collaboration with 
internal and external groups to ensure participation of key 
stakeholders? 
0.765 
11 To what degree are you able to manage information systems for 
collection, retrieval and use of data for decision-making? 
0.763 
12 To what degree are you able to create a culture of ethical 
standards within organizations and communities? 
0.742 
13 To what degree are you able to promote team and organizational 
learning? 
0.738 
14 To what degree are you able to identify internal and external issues 
that may impact delivery of essential public health services (i.e. 
strategic planning)? 
0.726 
15  To what degree are you able to apply theory or organizational 
structures to professional practice? 
0.724 
16 To what degree are you able to contribute to the development, 
implementation, and monitoring of organizational performance 
standards? 
0.702 
17  To what degree are you able to help create key values and shared 
vision and use these principles to guide actions? 
0.689 
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18 To what degree are you able to use the legal and political system to 
effect change? 
0.672 
  PHNS Domain 2. Competence in Policy Development and 
Program Planning Skills 
Factor 
Loadings 
19 To what degree are you able to articulate the legal implication of 
each policy option? 
0.827 
20 To what degree are you able to articulate social implication of each 
policy option? 
0.804 
21 To what degree are you able to articulate the political implication 
of each policy option? 
0.782 
22 To what degree are you able to articulate the health implication of 
each policy option? 
0.752 
23 To what degree are you able to determine the feasibility and 
expected outcomes of policy options? 
0.750 
24 To what degree are you able to articulate the administrative 
implication of each policy option? 
0.708 
25  To what degree are you able to articulate the financial implication 
of each policy option? 
0.694 
26 To what degree are you able to translate policy into organizational 
plans, structures and programmes? 
0.670 
27 To what degree are you able to identify, interpret and implement 
public health laws, regulations and policies related to specific 
programmes? 
0.644 
28 To what degree are you able to state policy options and write clear 
and concise policy statements? 
0.626 
29 To what degree are you able to develop, implement and evaluate 
community health assessment? 
0.586 
30 8. To what degree are you able to develop a plan to implement a 
policy, including goals, outcome and process objectives and 
implementation plan? 
0.571 
31 11. To what degree are you able to develop mechanisms to monitor 
and evaluate programmes for their effectiveness and quality? 
0.570 
32 6. To what degree are you able to utilise current techniques in 
decision analysis and health planning? 
0.537 
33 7. To what degree are you able to decide on the appropriate course 
of action? 
0.515 




34  To what degree are you able to apply the science of prevention of 
infectious disease to promote the public’s health? 
0.752 
35  To what degree are you able to apply environmental public health 
(e.g. principles and practice of sanitation)  to promote the  public’s  
health? 
0.737 
36 To what degree are you able to apply the science of prevention of 
injuries to promote the public’s health? 
0.722 
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37 To what degree are you able to identify and retrieve current 
relevant scientific evidence? 
0.721 
38 To what degree are you able to apply epidemiology to promote the 
public’s  health? 
0.718 
39 To what degree are you able to apply the science of prevention of 
chronic disease to promote the public’s health? 
0.709 
40 To what degree are you able to develop a professional commitment 
to rigorous critical thinking? 
0.706 
41 To what degree are you able to understand the historical and 
current developments of public health nursing? 
0.662 
42  To what degree are you able to identify the limitations of research 
and the importance of observations and interrelationships? 
0.624 
43 To what degree are you able to identify and apply basic research 
methods used in public health? 
0.623 
44 To what degree are you able to apply social sciences to promote the 
public’s  health? 
0.556 
45 To what degree are you able to apply behavioural sciences to 
promote the public’s health? 
0.552 
46 To what degree are you able to apply biostatistics to promote the 
public’s  health? 
0.533 
  PHNS Domain 4. Competence in Analytics/ Assessment Skills Factor 
Loadings 
47 To what degree are you able to identify relevant public health 
related data and information sources with regard to the population 
that your organization serves? 
0.828 
48 To what degree are you able to explain the appropriate uses and 
limitations of qualitative data? 
0.774 
49 To what degree are you able to evaluate the comparability of data 
(i.e. that the way data are defined and measured across time and 
across organizations are the same, hence can be compared)? 
0.769 
50 To what degree are you able to explain the appropriate uses and 
limitations of quantitative data? 
0.769 
51 To what degree are you able to evaluate the integrity (i.e. 
accuracy) of data? 
0.761 
52 To what degree are you able to make inferences from quantitative 
data? 
0.727 
53 To what degree are you able to partner with the population you 
serve to interpret collected data?  
0.714 
54 To what degree are you able to identify gaps in data sources? 0.714 
55 To what degree are you able to make inferences from qualitative 
data? 
0.675 
56 To what degree do you know how to apply ethical principles to the 




57 To what degree are you able to define the indicators to be collected  
in order to describe the health problems among the population that 
your organization serves (e.g.,  fall rate, pressure ulcer rate, 
hospitalisation rate, etc.)? 
0.619 
58 To what degree are you able to use information technology to 
collect, store and retrieve data? 
0.604 
59  To what degree are you able to define the health problems of  the 
population that your organization serves?  
0.588 
60 To what degree are you able to obtain and interpret information 
regarding risks and benefits to the community? 
0.560 
  PHNS Domain 5. Competence in Assessment of the Health 
Status and  Understanding the Factors Influencing the 
Utilisation of Health Services of the Population Served Skills 
Factor 
Loadings 
61 To what degree are you able to define, assess, and understand the 
determinants of health and illness and factors contributing to 
health promotion and disease prevention?  
0.688 
62 To what degree are you able to define, assess, and understand the 
health status of the population you serve? 
0.661 
63  To what degree are you able to describe the role of government in 
enabling the delivery of health services to the population you serve? 
0.623 
64 To what degree are you able to define, assess, and understand the 
factors influencing the use of health services by the population of 
patient you serve? 
0.622 
65  To what degree are you able to identify your individual 
responsibility (as a Nurse Administrator) and your organisation’s 
responsibility, with regard to (a) assessing the health status of the 
population you serve (b) developing policies and programmes to 
meet these health care needs, and (c) assuring the availability of 
manpower and quality of health services to the public? 
0.578 
66 To what degree are you able to identify community assets and 
available resources? 
0.577 
67 To what degree are you able to integrate the roles of government 
and non-governmental organizations in the delivery of community 
health services? 
0.577 
  PHNS Domain 6. Competence in Recognizing How Data 
Illuminate Ethical, Political, Scientific, Economic, Social, and 
Overall Public Health Issues Skills  
  
68 To what degree are you able to recognize how data illuminates 
public health related economic issues? 
0.729 
69 To what degree are you able to recognize how data illuminates 
public health related political issues? 
0.727 
70 To what degree are you able to recognize how data illuminates 
public health related scientific issues? 
0.710 
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71  To what degree are you able to recognize how data illuminates 
public health related ethical issues? 
0.674 
72 To what degree are you able to recognize how data illuminates 
overall public health issues? 
0.651 
73 To what degree are you able to recognize how data illuminates 
public health related social issues? 
0.607 
  PHNS Domain 7. Competence in  Communication & Public 
Health Advocacy Skills  
Factor 
Loadings 
74 To what degree are you able to communicate effectively in oral 
form? 
0.866 
75 To what degree are you able to communicate effectively in written 
form? 
0.815 
76 To what degree are you able to solicit input from individuals and 
organizations? 
0.681 
77 To what degree are you able to lead and work with groups to 
address specific health issues? 
0.562 
78 To what degree are you able to advocate for public health 
programmes and resources? 
0.529 
  PHNS Domain 8. Competence in Cultural Skills Factor 
Loadings 
79 To what degree are you able to utilize appropriate methods for 
interacting sensitively, effectively and professionally with persons 
from diverse cultural, socioeconomic, educational, racial, ethnic, 
and professional backgrounds, and persons of all ages and lifestyle 
and  preferences? 
0.650 
80 To what degree are you able to understand the factors contributing 
to cultural diversity? 
0.620 
81 To what degree are you able to develop and adapt approaches to 




PHNS Domain 1: Leadership, management, and system thinking 
competency. 
Items that loaded under this factor consist of those that assess the leadership, 
management and systems thinking competency of the nurse administrator.  
There was a total of 18 items that loaded under this factor with factor loadings 
ranging from 0.672 to 0.847. These include all the 10 items under COL Domain 7 
(Financial Planning and Management Skills); and all the items under COL 
Domain 8 (Leadership and Systems Thinking Skills). 
PHNS Domain 2: Policy development and program planning 
competency 
For this factor, the items that loaded included those that assess the competency 
of nurse administrators in policy development and program planning.  There 
was a total of 15 items that loaded in this factor with factor loadings ranging 
from 0.515 to 0.827. These included primarily items from COL Domain 2 (Policy 
Development/ Program Planning Skills). However, one item (item 57), “To what 
degree are you able to develop implement and evaluate community health 
assessment?” that was originally under COL Domain 5 (Community Dimensions 
of Practice Skills) loaded heavily (factor loading of 0.586) with the rest of the 
items under Factor 2 (Policy Development and Program Planning Competency).  
In contrast, an original item (item 21) under COL Domain 2 (Policy 
Development/ Program Planning Skills),  “To what degree are you able to collect, 
summarize and interpret information relevant to a public health issue?” showed as 
an item with complex loading of 0.460 under Factor 2 (Policy Development/ 
Program Planning Competency); 0.474 under Factor 4 (Data Management and 
Analytical Competency); and 0.413 under Factor 6 (Recognition of How Data 
Illuminates Ethical, Political, Scientific, Economic and Overall Public Health 
Issues Competency).  
The three loadings of item 21 are similar with no loading being > 0.20 above the 
other, hence this was deleted. With the deletion of item 21 item 57 “To what 
degree are you able to develop, implement and evaluate community health 
assessment?” was included on its stead since the objective of a community health 
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assessment is to collect, summarize and interpret the information collected to 
identify a public health issue that is relevant to a given community.  
There were 2 other items from COL Domain 5 (Community Dimensions of 
Practice) that loaded under Factor 2 (Policy Development/ Program Planning 
Skills) but were deleted. These items were (a) item 52 (“To what degree are you 
able to utilize leadership, team building, and negotiation and conflict resolution 
skills to build community partnerships?) that had a factor loading of 0.430; and 
(b) item 51 (“To what degree are you able to establish and maintain linkages with 
key community stakeholders?”) that had a factor loading of 0.429. Since these 
items do not cohere thematically under Factor 2 and their factor loading was less 
than 0.512, they were deleted, bringing about the total number of items under 
Factor 2 to be 15 in the final version of the PHNS. 
PHNS Domain 3: Basic public health sciences competency 
The items on assessing the competency of nurse administrators on basic public 
health sciences loaded under this factor. There was a total of 13 items that 
loaded in this factor with factor loadings ranging from 0.533 to 0.752. These 
consist 13 of the 17 items from COL Domain 6: Public Health Sciences Skills that 
loaded unto this factor. The rest of the 4 items under COL Domain 6: Public 
Health Sciences Skills loaded under Factor 5 (Competence in Assessment of the 
Health Status and Understanding of Factors Influencing the Utilization of Health 
Services of the Population Being Served). 
PHNS Domain 4: Analytics and assessment competency 
Under this factor, items that loaded include those that assess the competence of 
nurse administrators in carrying out quantitative and qualitative analysis for 
needs assessment; and the use of information technology for data management. 
Fifteen items loaded under this factor with factor loadings ranging from 0.474 to 
0.828. These consist primarily 14 of the 20 items under COL Domain 1 (Analytic/ 
Assessment Dimensions of Public Health Practice). One item (item 21: “To what 
degree are you able to collect, summarize and interpret information relevant to a 
public health issue?”) from COL Domain 2 (Policy Development and Program 
Planning) loaded under this factor also. However, as discussed above, being an 
item with complex loading, and with a factor loading less than 0.512, this item 
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was deleted. Statistically, the deletion of item 21 resulted only to a negligible 
decrease in reliability of this sub-domain, from 0.955 to 0.953. After deletion, the 
factor loadings of the remaining items ranged from 0.560 to 0.828. The full set of 
items under this domain in the final version of PHNS is 13. 
PHNS Domain 5: Assessment of the health status and utilization of 
health services  competency 
There were 11 items that loaded under this factor, with factor loadings ranging 
from 0.459 to 0.688. They consist primarily of items that assess the competency 
of nurse administrators in terms of assessing the determinants of population 
health and understanding the factors influencing the population’s utilization of 
health services. After removing items that had a factor loading less than 0.512, 
there were 7 items that were included in the final version of the PHNS. Three 
items were from COL Domain 5 (Community Dimensions of Practice Skills) and 4 
items were from the remaining items of COL Domain 6 (Public Health Sciences 
Skills).  
The 3 items from COL Domain 5 (Community Dimensions of Practice Skills) 
relates to identifying community assets and available resources, to the common 
theme of community and stakeholders’ engagement, including governmental and 
non-governmental agencies in ensuring the delivery of needed health services by 
the population being served by the ILTC nurse administrator’s organization. 
Correspondingly, the 4 items from COL Domain 6 (Public Health Sciences Skills), 
relate to assessment of health status of the population and their determinants; 
and the determinants of their use of health services.   
PHNS Domain 6: Recognition of how data illuminate ethical, political, 
scientific, economic, social & overall public health issues competency 
Items that loaded under this factor compose of those that assess the competency 
of nurse administrators with regard to recognizing how data can illuminate 
economic, political, scientific, ethical, social and overall public health issues. Six 
items loaded under this factor with factor loadings ranging from 0.607 to 0.729. 
This factor consists of all of the 6 sub-items under the original s COL competency 
item, “Recognizes how data illuminates ethical, political, scientific, economic, 
social, and overall public health issues” of COL Domain 1 (Analytic Assessment 
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Skills). This complex COL competency statement was decomposed based on the 
recommendation of the content validators from a complex single item to 6 items. 
in order to enable the nurse administrator  to self assess competence in 
recognizing how data illumines the following 6 public health issues: (a) ethical; 
(b) political; (c) scientific; (d) economic; (e) social; and (f) overall public health 
issues. 
PHNS Domain 7: Communication & public health advocacy competency 
Under this PHNS domain, the items that loaded include those that assess the 
communication skills of nurse administrators in terms of oral and written 
communication; and the ability to work with teams to advocate for public health. 
Five items loaded under this PHNS domain with factor loadings ranging from 
0.529 to 0.866.  
This factor consists of the remaining 5 items under COL Domain 3 
(Communication Skills). Two of the items showed complex factor loadings: (a) 
item 42: To what degree are you able to lead and work with groups to address 
specific health issues?” and (b) item 41: “To what degree are you able to advocate 
for public health programs and resources?”  These items loaded in both Factor 2 
(Policy Development and Program Planning Competency) and Factor 7 
(Communication Competency). They were kept under Factor 7(Communication 
Competency) for 2 reasons: (a) for thematic coherence they were combined with 
the rest of the items addressing communications competency; and (b) 
statistically, although the loadings are about 0.13 higher only under Factor 7 
(Communication Competency), these two items were assigned under Factor 7 
(Communication Competency) because the proportion of variance explained is 
higher for the factor loadings under Factor 7 (Communication Competency).  For 
instance, item 42 under Factor 7 (Communication Competency) was 0.562 
compared to 0.426 under Factor 2 (Policy Development and Program Planning).  
Similarly, the factor loading of item 41 under PHNS Domain 3 (Communication) 
is 0.529 as compared to 0.399 under Factor 2 (Policy Development and Program 
Planning). The reliability of Factor 7(Communication Competency) is 0.873. The 
reliability will decrease to 0.845 if item 42 was to be removed and will decrease 
to 0.859 if item 41 was to be removed. 
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PHNS Domain 8: Cultural competency 
Items assessing the ability of nurse administrators to consider the cultural 
aspects of public health practice loaded under Factor 8. Six factors loaded under 
this Factor with factor loadings ranging from 0.406 to 0.650. All the items 
relating to COL Domain 4: Cultural Competency and 1 item relating to COL 
Domain 3 (Communications) loaded under Factor 8. Two of the items that 
loaded under this factor showed complex loadings: (a) item 45: “To what degree 
are you able to listen to others in an unbiased manner, respects points of view of 
others, and promotes the expression of diverse opinions and perspectives;” and (b) 
item 51: “To what degree are you able to understand the importance of culturally 
diverse health workforce?” 
Item 45 loaded under Factor 7 (Communications) with a factor loading of 0.426; 
and Factor 8 (Cultural Competency) with a factor loading of 0.510. This item was 
kept under Factor 8 where it loaded more heavily because such COL 
communication competency is more thematically coherent with cultural 
competence.  Specifically, item 45 calls for the ability to listen to others in an 
unbiased manner, to respect points of view of others, and to promote the 
expression of diverse opinions and perspectives which is underpinned by 
cultural competence, i.e., the ability to listen is underpinned with an appreciation 
of cultural diversity. Item 51 which loaded under Factor 3 (Basic Public Health 
Sciences) with a factor loading of 0.416) and Factor 8 (Cultural competence) 
with a factor loading of 0.509 was kept under Factor 8 (Cultural Competence) 
where the factor loading was higher and there was thematic coherence with the 
rest of the cultural competencies. 
One of the items (item 51), “To what degree are you able to identify the role of 
cultural, social and behavioral factors in determining the delivery of public health 
services?” had a factor loading that is less than 0.512. Notwithstanding, the item 
was kept to achieve the criterion of comprehensiveness since its factor loading 
was 0.509 (i.e., very close to the 0.512 threshold for inclusion). Although its 
inclusion reduced the reliability of this subscale from 0.896 to 0.887, the 
resulting reliability score is still within acceptable limits of 0.7 and above (Field, 
2005; Lance, Butts, & Michels, 2006; Polit 2010). 
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Following the above evaluation, some of the items under each of the eight PHNS 
domains were revised and/ or reassigned to another PHNS domain, or were 
deleted based on the results of this current psychometric study. The result is a 
final PHNS with an 81-item, 8 factor solution that correspond closely with the 
eight domains of public health practice defined by the Council of Linkages (COL) 
that was adapted by the Quad Council of Nursing (2004, 2011). Altogether, the 8 
domains of the PHNS explained 73.73% of the variance. 
 
The Internal Consistency Reliability of the PHNS  
 
The following sub-sections present the internal consistency reliability of the full 
scale and the sub-domains of the PHNS. 
Internal consistency reliability of the full PHNS 
The Cronbach’s alpha coefficient of the full PHNS was estimated to evaluate the 
internal consistency of this instrument. Using the following guideline, that a 
coefficient alpha of 0.80 and above is desirable and that a coefficient alpha of 
0.70 is considered adequate (Field, 2005; Lance, Butts, & Michels, 2006; Polit 
2010), the internal consistency of the full PHNS was established given a 
Cronbach’s alpha of 0.982.    
Internal consistency reliability of the domains of the PHNS 
The Cronbach’s alpha of each factor that composed the final PHNS was also 
calculated, and change in its value with deletion of constituent items of the 
subscale was assessed. The reliability scores of the sub domains were high as 
evidenced by their Cronbach’s alpha which ranged from 0.871 to 0.976 and 













No. of Items 
 
Domain 1 (Leadership, Management 







Domain 2  (Policy Development and 
Program Planning Competency) 
.967 15 
Domain 3 (Basic Public Health 
Sciences Competency) 
.960 13 
Domain 4 (Analytics & Assessment 
Competency) 
.953 14 
Domain 5 (Community Assessment 




Domain 6 (Recognition of How Data 
Illuminates Economic, Political, 
Scientific, Ethical, Social & Overall 
Public Health Issues) 
 
.956 6 
Domain 7 (Communication & Public 
Health Advocacy Competency) 
.873 5 
Domain 8 (Cultural Competency) 
 
.871 3 
Full Scale  .982 81 
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Summary of the psychometric properties of the PHNS 
 
This section presented the scale development process and the establishment of 
the psychometric properties of the Public Health Nursing Scale (PHNS).  The 
scale was based on the 2001 COL list of core competencies for public health 
professionals (Council on Linkages Between Academia and Public Health 
Practice, 2001). Taking guidance from the approach taken by the Quad Council of 
Nursing Organizations in applying the 2001 COL list of core competencies for 
public health professionals to the practice of public health nursing in the United 
States of America (Quad Council of Public Health Nursing Organization, 2004), 
the PHNS also applied the 2001 COL list but adapted them to the context of the 
practice of public health nursing in the ILTC sector of the Singapore health care 
system.  
An 81-item scale was arrived at after the validation process, with an 8-factor 
solution using principal component analysis with varimax rotation. The PHNS is 
characterized by the following psychometric properties: (a) content validity 
index based on 3 experts was 100%  for each item and 100% for the full 
instrument; (b) test-retest reliability using intraclass correlation coefficient for 
two-way random mixed model of 0.834, 95% CI [0.580, 0.936], F(18, 18) = 6.089  
that was statistically significant (p <.001); (c) total variance explained of 
73.73%; (d) internal consistency for the full instrument was supported by a 
Cronbach’s alpha of 0.982; and internal consistency of the 8 factors that make up 
the scale ranged from Cronbach’s alpha of 0.871 to 0.976. The PHNS was found 
to be a valid and reliable tool to be used for the measurement of the competency 
of the ILTC nurse administrators in public health nursing.  
The 8 domains of the PHNS include the following: (a) Domain 1(Leadership, 
Management and System Thinking Competency); (b) Domain 2 (Policy 
Development and Program Planning Competency); (c) Domain 3 (Basic Public 
Health Sciences Competency); (d) Domain 4(Analytical Competency); (e) 
Domain 5 (Community Assessment and Stakeholders’ Engagement 
Competency); (f) Domain 6 (Recognition of How Data Illuminate Ethical, 
Political, Scientific, Economic and Overall Public Health Issues Competency); (g) 
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Domain 7 (Communications & Public Health Advocacy Competency); and (h) 
Domain 8 (Cultural Competency).  
The 8 domains of the PHNS correspond closely with those of the 2001 COL list of 
core competencies of public health professionals in the United States of America 
(Council on Linkages Between Academia and Public Health Practice, 2001) and 
provides support for the validity of the 2001 COL core competencies of public 
health professionals in assessing the public health competencies of community-
based nurse administrators in the ILTC sector of the Singapore healthcare 
system, while suggesting some revisions to enable its use in Singapore context. 
The validated version of the PHNS that was used in this study to measure the 
public health nursing competency of the ILTC nurse administrators is presented 
in Appendix F. 
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SECTION 2 - Scale Development and Evaluation of 
PHIS-EIB 
 
This section presents the scale development and the establishment of the 
psychometric properties of the Public Health Informatics Scale for Effective 
Information Behavior (PHIS-EIB) that was used to measure the predictor 
variable, “competency in public health informatics”. This scale focused 
specifically on the public health informatics skills related to the effective use of 
information to promote the public’s health. 
 “Improvements in the health status of communities depend on effective public 
health and healthcare infrastructures….Incorporating emerging technologies 
into the service of the community has become a required task for every public 
health leader (Ross, Saarlas, & Foege, 2003).  The answer to the question on how 
health practitioner in general, and the public health practitioner in particular 
harness the available technology to meet their information needs to protect the 
health and ensure the safety of communities can be found in public health 
informatics (O’Carroll, Yasnoff, Ward, Ripp, & Martin, 2003). One of  the 
hypotheses of this thesis is that public health competency, which include public 
health informatics for effective use of information as a subset skills set, is a 
predictor to the use of the ILTC-IS by ILTC nurse administrators for public health 
practice. This chapter presents the development and the establishment of the 
psychometric properties of the Public Health Informatics Scale for Effective 
Information Behavior (PHIS-EIB) that was used to measure the competency in 
public health informatics of the nurse administrators that participated in this 
study. 
The nature of public health informatics 
Public health informatics is the application of information science and 
technology to public health practice, research and learning (Friede, Blum & 
McDonald, 1995; Yasnoff et al., 2001). Based on the scope and nature of public 
health, there are four principles that define, guide, and provide the context for 
the types of activities and challenges that comprise public health informatics: (a) 
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As a discipline, public health focuses on the health of the population and the 
community as opposed to that of the individual patient. As such, the primary 
focus of public health informatics should be the application of information 
science and technology that promote the health of populations as opposed to the 
health of specific individuals; (b) The primary focus of public health informatics 
should be the application of information science and technology that prevent 
diseases and injury by altering the conditions or the environment that put 
populations of individuals at risk;  (c) Public health emphasizes the prevention 
of disease and injury versus intervention after the problem has already occurred. 
Public health informatics application should explore the potential for prevention 
at all vulnerable points in the causal chains leading to disease, injury or 
disability; and (d) As a discipline, public health informatics reflects the 
governmental context in which public health is practiced. A key component of 
effective of protecting the public’s health is government intervention through 
legislative, regulatory and policy directives, including specific coercive measures 
when required to protect the community in an emergency.  (O’Carroll, 2003; 
Yasnoff et al., 2001).  
 
Health information systems as the foundation of public 
health 
 “Reliable and timely health information is an essential foundation for public 
health action and health systems strengthening, both nationally and 
internationally” (Health Metrics Network, 2008, p.1), hence, health information 
systems are argued to be the foundation of public health.  
As the foundation for public health, the role of health information systems is to 
generate, analyze and disseminate sound data for system management and 
public health decision making (AbouZahr & Boerma, 2005). Rippen and Yasnoff  
(as cited in Kukafka et al., 2007), pointed out that public health assessment 
couldn’t become efficient or effective without accurate, valid and cost-effective 
collection of electronic data from the point of care, as well as the dissemination 
of results back to the point of care. In their literature review of the information 
needs of public health practitioners to inform the design of an interactive 
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knowledge management system, Revere et al. (2007) concurred with this view. 
They explained that public health practitioners need current national, state and 
local information in order for them to implement and evaluate public health 
services, assess and monitor the health status of their community, disseminate 
timely information and identify emerging threats. 
The intermediate and long-term care public health 
information system.  
In  Singapore, the Intermediate and Long Term Care Information System (ILTC-
IS) was implemented since April 2009 to enable the submission of subvention 
claims by health care organizations that provide intermediate and long term 
care. In addition to being used as a claims system, the ILTC-IS fulfils a public 
health informatics role by enabling the collection and analysis of data from the 
ILTC health care organizations for the surveillance, prevention and control of 
nurse-sensitive clinical events in order to protect the health and ensure the 
safety of the population of patients being served by these health care 
organizations. 
The need for a measurement scale for public health 
informatics competency assessment 
This thesis reports the results of the participatory action research that was 
undertaken to generate the knowledge on the predictors, barriers and 
facilitators of  the use of ILTC-IS by the ILTC nurse administrators for effective 
public health practice in the ILTC institutions. In this research, one of the 
hypothesized determinants of the use of the ILTC IS for the surveillance, 
prevention and control of nurse-sensitive clinical events by nurse 
administrators, is their level of competency in public health nursing, which 
include public health informatics. To this end, the Public Health Informatics 
Scale for Effective Information Behavior (PHIS-EIB) was developed and 
validated in Singapore; and was used as the measurement scale of the level of 
public health informatics competencies of the nurse administrators that 
participated in this action research. This chapter describes the development and 
the establishment of the psychometric properties of the PHIS-EIB (i.e., content 
validity, test-retest reliability, construct validity, and internal consistency) in 
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Singapore setting through four analytical processes: (a) content validation; (b) 
pilot testing and establishment of inter-rater reliability; (c) factor analysis; and 
(d) establishment of internal consistency reliability. 
 
Content Validation of the PHIS-EIB.  
The items in the PHIS-EIB were also taken from Questionnaire 2: Training Needs 
Assessment – Competencies on Key Dimensions of Public Health Practice. In view of 
this, the content validation of the PHIS-EIB was carried out concurrently with 
the content validation of the PHNS. As in the development of the PHNS, the 
method proposed by Lynn (1986) for the content validation of cognitive 
instrument which consists of two main stages (i.e., development stage; and 
judgment –quantification) was also used to carry out the content validation of 
the PHIS-EIB. 
Development stage of the PHIS-EIB 
To recapitulate, the development stage of an instrument consists of 3 steps: (a) 
Step 1 - identification of full content domain; (b) Step 2 - sampling and item 
generation; and (c) Step 3 - assimilation of items into usable form (Lynn, 1986). 
In this study, the investigator did not carry out steps 1 through 3 since the items 
in the PHIS-EIB like the PHNS was based on the set of public health core 
competencies that has already been defined by the Council of Linkages’ Core 
Competencies for Public Health Practice (COL) (2001) and has been validated in 
the American context (Edgar, Mayer & Scharff, 2009). In order to assess and 
develop the competencies of public health professionals in the United States, the 
Council on Linkages between Academia and Public Health Practice (COL) 
developed a set of 8 competencies on the basis of the ten essential public health 
services. These core competencies include: (a) analytic and assessment skills; (b) 
policy development and program planning skills; (c) communication skills; (d) 
cultural competency skills; (e) community dimensions of practice skills; (f) basic 
public health science skills; (g) financial management and planning skills; and 
(h) leadership and systems thinking (Council of Linkages’ Core Competencies for 
Public Health Practice, 2001,2010). However, none of these 8 Domains is able to 
measure competence in public health informatics (PHI) on its own since the PHI 
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competencies are spread out amongst the domains that make up the COL list of 
core competencies of public health (with the exception of the cultural 
competency skills domain which does not have any item relating to competence 
in public health informatics). In view of this measurement limitation, there was a 
need to develop and validate a measurement scale specific to the assessment of 
the public health informatics competencies subset of the Council on Linkages’ 
list of core competencies for public health professionals vis-à-vis the validation 
of the full Public Health Nursing Scale (PHNS). 
The core public health informatics competencies of public 
health professionals.  
The public health informatics competencies on effective use of information were 
taken from the 2001 COL list of core competencies for public health 
professionals (Council on Linkages Between Academia and Public Health 
Practice, 2001). To identify the specific items to be included in the development 
of the PHIS-EIB, the investigator took guidance on the definition of the 
competencies of public health informatics by the Public Health Informatics 
Competencies Working Group that also used the 2001 COL list of core 
competencies for public health professionals for such purpose (O’Carroll and 
The Public Health Informatics Competencies Working Group, 2002). 
To address the competency development of public health professionals in public 
health informatics in the United States of America (USA), the Centers for Disease 
Control and Prevention (CDC) initiated the formation of a working group on 
public health informatics, the Public Health Informatics Competencies Working 
Group (referred to as the Working Group from hereon in this thesis). The 
Working Group submits that public health professionals need to harness the 
power of information technology to the practice of public health. To do so they 
must develop proficiency in public health informatics in order to be able to: (a) 
use information; (b) use information technology; and (c) manage information 
projects effectively to meet the mission of public health (O’Carroll & The Public 
Health Informatics Competencies Working Group, 2002).  
Further, the Working Group submits that public health professional leaders 
should also have the competency and vision to apply information science and 
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technology to re-engineer certain elements of public health practice altogether, 
when such fundamental changes are appropriate and could be enabled by 
information technology. Consistent with this argument, the Working Group 
developed and refined three classes of informatics competencies: (a) Class 1 
competencies related to the use of  information per se for public health practice; 
(b) Class 2 competencies related to the use of information technology to increase 
one’s individual effectiveness as a public health professional; and (c) Class 3 
competencies related to the development, deployment and maintenance of 
information systems to improve the effectiveness of the public health enterprise 
such as a state or local health department.  
The Working Group suggested three expertise levels for three workforce 
segments: (a) front-line staff; (b) senior-level technical staff; and supervisory 
and management staff. While the Working Group intends these competencies to 
be applicable to public health professionals practicing in the US, they considered 
these competencies may be applicable to public health professionals in other 
countries as well. The development of the PHIS-EIB sought to validate the core 
competencies for public health informatics that were identified by the Working 
Group from the 2001 COL core competencies of public health professionals in 
the context of Singapore. 
The Working Group (O’Carroll and the Public Health Informatics Workgroup, 
2002) identified 23 competencies within the 2001 COL Core Competencies of 
Public Health Professionals which has to do with the scientifically sound and 
ethical use, assessment, analysis, interpretation and dissemination of data and 
information; and included these items verbatim in their list of informatics 
competencies that are relevant to the use of information per se for public health 
practice. To the 23 competencies in the COL’s list, the Working Group added a 
single additional Class 1 informatics competency: “The systematic management 
of public health information as a key strategic resource of a public health 
organization” (O’Carroll and the Public Health Informatics Competencies 
Working Group, 2002, p.11).  
This thesis reports the validation of the PHIS-EIB which includes only the 23 
public health informatics competencies identified by the Working Group from 
the 2001 COL list of core competencies of public health professionals. These 23 
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competencies that are listed in Table 8 were adapted to the context of the 
practice of public health nursing in the ILTC sector of Singapore before they 
were presented to the 3 experts for content validation. 
 
Table 8 : Public Health Informatics Items of the 2001 COL 














Determine appropriate uses and limitation of 
quantitative and qualitative data. 
2 Evaluates the comparability and integrity of data and 
identifies gaps in data sources. 
3 Applies ethical principles to the collection, 
maintenance, use and dissemination of data and 
information. 
4 Partners with communities to attach meaning to 
collected quantitative and qualitative data. 
5 Makes relevant inferences from quantitative and 
qualitative data. 
6 Obtains and interprets information regarding the 
risks and benefits to the community. 
7 Applies data collection processes, information 
technology applications, and computer systems 
storage/ retrieval strategies. 
8 Recognizes how the data illuminate ethical, political, 





9  Collects, summarizes, and interprets information 
relevant to an issue. 




11 Communicates effectively both in writing and orally, 
or in other ways. 
12 Uses the media, advanced technologies, and 
community networks to communicate information. 
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13 Effectively presents accurate demographic, 
statistical, programmatic, and scientific information 




14 Develop, implements, and evaluates a community 
public health assessment. 
Basic Public 
Health Sciences 
15 Defines, assesses, and understands the health status 
of populations, determinants of health and illness, 
factors contributing to health promotion and disease 
prevention, and factors influencing the use of health 
services. 
16 Identifies and applies basic research methods used 
in public health. 
17  Applies the basic public health sciences, including 
behavioral and social sciences, biostatistics, 
epidemiology, environmental public health, and 
prevention of chronic and infectious diseases and 
injuries. 
18 Identifies and retrieves current relevant scientific 
evidence. 
19  Identifies the limitations of research and the 




20 Manages information systems for collection, 
retrieval and use of data for decision-making. 





22 Identifies internal and external issues that may 
impact the delivery of essential public health 
services (i.e., strategic planning). 




Judgment – Quantification stage of the PHIS-EIB 
The same 3 experts involved in the content validation of the PHNS were also 
involved in the content validation of the PHIS-EIB: (a) a Professor of public 
health nursing; (b) an Assistant Director of Nursing of a chain of government 
polyclinics who has an educational background in community health, and (c) an 
Assistant Director of Nursing of an acute hospital that provide geriatric care 
across the continuum of care, including nursing home care and community care 
outreach. The determination of the number of experts depended on the 
accessibility and agreement of experts to serve as content validators. Since the 
23-item PHIS-EIB is a subset of the 93-item Questionnaire 2: Training Needs 
Assessment – Competencies of Key Dimensions of Public Health Practice that was 
used for the content validation of the PHNS,  the content validation of the PHIS-
EIB was carried out simultaneously with the content validation of the PHNS by 
the three experts. 
Quantification of the CVI of the PHIS-EIB 
Based on the ratings of the three content experts, the content validity of the 
PHIS-EIB was assessed by applying the index of content validity (CVI) (Lynn, 
1986). The CVI was used in both steps of the judgment stage of content validity 
determination, namely, item evaluation and entire instrument evaluation. The 
CVI was determined for each item by determining the proportion of experts who 
rate it as content valid (a rating of 3 or 4) and the content validity of the entire 
instrument was established by determining the proportion of total items judged 
by the experts as content valid. Since there are only three experts, all experts 
must agree (ratings of 3 and 4) before an item or instrument is considered 
content valid, i.e., statistically significant at 5% alpha (Lynn, 1986). 
The panel of experts assessed that the wordings of some of the original 23 items 
that composed the public health informatics related items of the COL list of core 
competencies were complex, i.e., there were multiple competencies within one 
competency statement. An example of an item that contains complex skills in one 
statement is:  “Applies the basic public health sciences, including behavioral and 
social sciences, biostatistics, epidemiology, environmental public health, and 
prevention of chronic and infectious diseases and injuries.”  Question items were 
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revised by the investigator to enable the specific measurement of a particular 
competency. This revision has resulted into 42 specific competency statements.  
After the revision of the items, there was a unanimous consensus among the 3 
experts on the representativeness of the items, yielding a content validation 
index (CVI) (Lynn, 1986) of 100% for each item; and 100% for the full PHIS-EIB.   
 
Test-Retest Reliability of the PHIS-EIB 
Before performing the ICC to assess the test-retest reliability of the PHIS-EIB, the 
assumption of normal distribution was established through numerical and 
graphical methods using the Shapiro-Wilk test and the Q-Q plot graph. Data were 
analyzed using IBM SPSS Statistics Version 19 (IBM, 1989). The Q-Q plot of data 
for the test scores appear to be approximately normal because the values create 
a linear line and close to the trend line. The normal distribution is also confirmed 
by the non-significant result of the Shapiro-Wilk test (p = .745). Similarly, the re-
test score was found to be normally distributed as evidenced by the values of the 
re-test scores creating a linear line and close to the trend line and the non-
significant result of the Shapiro-Wilk test (p = .157). 
 
Establishing the test-retest reliability of the PHIS-EIB using 
the intraclass correlation coefficient (ICC) 
There are many types of ICC estimates. Each type is appropriate for specific 
situations defined by the study design and the intent of the study (McGraw & 
Wong, 1996; Shrout & Fleiss, 1979; Weir, 2005). For this thesis, the ICC was used 
for test-retest reliability, a design which dictates that a two-way, mixed effects 
ICC model is appropriate (Weir, 2005). Data were analyzed using IBM SPSS 
Statistics Version 19 (IBM, 1989).  The result of the ICC for the test-retest of the 
PHIS-EIB is shown Table 9. 
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F Test with True Value 0 


























.768 .399 .911 4.316 18 18 .002 
*Two-Way Random Mixed Model 
Note 1:  F = F values; df = degrees of freedom 
 
In this thesis, the interest is in the average measure intra-class correlation 
coefficient [ICC2, 2 = 0.768] because the instruments will be administered more 
than once; at baseline measurement during the Phase 1 of the action research 
and during Phase 3 for the repeat measurement. The average measure ICC is 
recommended to be reported when an instrument is being administered twice 
or more times. Currently, there is no consensus on the interpretation of the ICC 
result. However, it is to be noted that the higher the estimation, the better the 
reliability (Yen & Lo, 2002). For judging intraclass correlation, the note by 
Nunnally & Bernstein (1994, cited in Weir, 2005) on the effect of measurement 
error on the attenuation of the correlation was used, i.e., the effect of 
measurement error on correlation attenuation becomes minimal as ICCs 
increase to above 0.80.  Based on this guidance, the test-retest reliability of the 
PHIS-EIB was established given the following result: ICC coefficient for average 
measures of 0.768, 95% CI [.399, .911], F(18, 18) = 4.316 which was statistically 
significant (p =.002).     
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Construct Validity of the PHIS-EIB 
Factor analysis was conducted to summarize the structure of the set of variables 
collected using the PHIS-EIB. The following steps were followed:  (a) 
computation of the correlation matrix in order to assess the appropriateness of 
the factor analytic model; (b) factor extraction in order to determine the number 
of factors that are necessary and meaningful to present the data; and (c) rotation 
in order to make the factor structure more interpretable.  
Data analysis 
Exploratory factor analysis (EFA) using IBM SPSS Statistics Version 19 (IBM, 
1989) was performed. Principal component analysis was used for extracting the 
factors. To make the factor structure more interpretable, orthogonal rotation 
using varimax procedures was executed since there was no sizable correlation 
among the components (i.e., correlations among the components were less than 
0.3). In addition, since the correlations and sampling adequacy for factorability 
has been ascertained by the KMO and Barlett Tests, factor loading of greater 
than 0.4 was indicated to be executed for factor extraction (Field, 2005). 
Factor structure of the PHIS-EIB 
Repeated explanatory factor analyses using PCA and varimax rotation were 
carried out until a simple structure for the PHIS-EIB was arrived at. Table 10 
presents the results of the factor analysis for the PHIS-EIB. The model yielded 7 
factors.  The domains on the vertical axis of Table 10 represent the 2001 COL 
core public health informatics competency domains. The 7 factors on the top 
horizontal axis of Table 10 are the PHIS-EIB factors. Factor 1 was named PHIS-
EIB Domain 1: Competence in Data Management and Analytics because the items 
described the competency of the nurse administrators with regard to data 
management and analytics. Factor 2 was named PHIS-EIB Domain 2: Competence 
in How Data Illumines Public Health Related Issues since the items described 
ability of the nurse administrators to recognize how data illumines the various 
facets of public health issues. Factor 3 which include items describing the 
competency of nurse administrators in engaging the community for needs 
assessment and their utilization of health services was named PHIS-EIB Domain 
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3: Competence in Community Engagement and Community Needs Assessment. 
Factor 4 was named PHIS-EIB Domain 4: Competence in Promoting Public Health 
Through the Use of the Sciences of Prevention given that the items describe the 
ability of the nurse administrators to promote the public’s health through the 
application of the sciences of prevention. Factor 5, was named PHIS-EIB Domain 
5: Competence in the Use of Research, Epidemiology, Biostatistics, Behavioral and 
Social Sciences to Promote the Public’s Health because it include items describing 
the competency of nurse administrators in using the research process and the 
application of the various public health  sciences in promoting the public’s 
health. Factor 6 was named PHIS-EIB Domain 6: Competence in Leadership 
Management and Systems Thinking because they describe the ability of the nurse 
administrators in financial planning and management, leadership, and systems 
thinking. Finally, Factor 7 was named PHIS-EIB Domain 7: Competence in Oral 
and Written Communication because the items defining this factor describe those 
relating to the competence of nurse administrators in communications in 
relation to promoting the publics’ health. The items of each of the 7 PHIS-EIB 
Domains and the factor loading of each item are presented in Table 11: Item 
Content and Factor Loadings for the 42 Items of the PHIS-EIB. The process 
followed for selecting the items for each of the 7 PHIS-EIB domains are described 
in detail following Table 11. 
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Analytic/ 1 .744 .075 -.059 .084 .280 .091 .071 
Assessment 2 .736 .117 .049 .061 .259 .110 .155 
 3 .725 .257 .261 .127 -.164 -.032 -.079 
 4 .761 .254 .218 -.027 -.055 .253 .131 
 5 .728 .124 .216 .178 .232 .174 .060 
 6 .772 .328 .249 .052 .049 .125 .081 
 7 .729 .414 .173 .038 .148 .102 .208 
 8 .784 .307 .196 .023 .193 .082 .203 
 9 .543 .593 .181 .038 .137 .021 -.038 
 10 .636 .380 .098 .119 .186 .143 .061 
 11 .367 .756 -.003 .236 .107 .025 .098 
 12 .309 .819 .037 .088 .296 .051 .013 
 13 .237 .807 .179 .085 .095 .199 .175 
 14 .224 .836 .286 .173 .050 .124 .060 
 15 .244 .758 .270 .204 .208 .146 .125 
 16 .219 .768 .310 .291 .133 .069 .060 
Policy Development 
& Program Planning 
17 .395 .649 .220 .092 .015 .152 .064 
 18 .223 .546 .423 .174 .015 .311 .164 
Communication  19 .191 .099 .054 .124 .098 -.005 .924 
 20 .149 .172 .109 .069 .113 -.072 .896 
 21 .132 .233 .563 -.054 .066 .283 .208 




23 .061 .394 .629 .283 -.057 .297 .134 
Public Health 
Sciences 
24 .236 .148 .745 .231 .217 .067 -.029 
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 25 .268 .215 .767 .217 .257 .079 .048 
 26 .280 .173 .340 .322 .557 .172 .030 
 27 .201 .293 .394 .261 .461 .174 .261 
 28 .154 .283 .410 .269 .459 .142 .281 
 29 .184 .277 .431 .257 .576 .141 .202 
 30 .144 .246 .278 .355 .677 .134 .029 
 31 .096 .182 .261 .665 .415 .183 .158 
 32 .060 .277 .274 .767 .226 .143 .103 
 33 .099 .176 .181 .862 .230 .192 .033 
 34 .091 .219 .244 .837 .192 .208 .090 
 35 .115 .086 .311 .424 .663 .265 .008 
 36 .231 .133 .282 .214 .720 .279 .196 
 37 .189 .159 .777 .244 .276 -.013 -.001 
 38 .174 .186 .774 .284 .300 .113 -.053 
Financial Planning & 
Management  
39 .245 .060 .134 .109 .266 .766 -.003 
 40 .181 .238 .117 .090 .160 .809 .018 
Leadership & 
Systems Thinking  
41 .163 .165 .225 .284 .088 .664 -.086 
 42 .036 .088 .124 .363 .116 .718 -.055 
         
Eigenvalue  19.32 4.20 2.35 2.11 1.80 1.51 1.10 
        
Total variance explained (%) 46.00 10.00 5.59 5.03 4.29 3.61 2.61 
 
 
Note: Factor loading > 0.40 are in bold font 
 
When deciding to which factor a particular complex variable is to be assigned in 
the final version of the PHIS-EIB, the following rules were applied. The item will 
be assigned to one factor versus the other if the difference in loadings is at least 
0.20 higher on the factor to which it will be assigned (Polit, 2010, p. 349). If the 
difference is < 0.20, a variable will still be retained to the factor that it loaded 
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higher, provided it is conceptually and thematically coherent with the rest of the 
items; and it does not lower the internal consistency reliability of the factor 
below 0.8 (Field, 2005; Garson, 2007; Nunnally & Bernstein, 1994; Polit, 2010). 
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Table 11: Item Content and Factor Loadings for the 42 
Items of the PHIS-EIB Used to Measure the Competency of 
Nurse Administrators in Public Health Nursing Informatics 
for Effective Use of Information 




1 To what degree are you able to make inferences from quantitative 
data? 
.784 
2 To what degree are you able to partner with the population you 
serve to interpret collected data?  
.772 
3 To what degree are you able to identify gaps in data sources? .761 
4  To what degree are you able to explain the appropriate uses and 
limitations of quantitative data? 
.744 
5 To what degree are you able to explain the appropriate uses and 
limitations of qualitative data? 
.736 
6 To what degree are you able to make inferences from qualitative 
data? 
.729 
7 To what degree do you know how to apply ethical principles to the 
collection, maintenance, use and dissemination of data and 
information? 
.728 
8 To what degree are you able to evaluate the integrity (i.e. 
accuracy) of data? 
.725 
9 To what degree are you able to use information technology to 
collect, store and retrieve data? 
.636 
  PHIS-EIB Domain 2. Competence in Recognizing How Data 
Illumines Public Health Related Issues 
Factor 
Loadings 
10 To what degree are you able to recognize how data illuminates 
public health related economic issues? 
.836 
11 To what degree are you able to recognize how data illuminates 
public health related scientific issues? 
.819 
12 To what degree are you able to recognize how data illuminates 
public health related political issues? 
.807 
13 To what degree are you able to recognize how data illuminates 
overall public health issues? 
.768 
14  To what degree are you able to recognize how data illuminates 
public health related social issues? 
.758 
15 To what degree are you able to recognize how data illuminates 
public health related ethical issues? 
.756 
16 To what degree are you able to collect, summarize and interpret 
information relevant to a public health issue? 
.649 
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17 To what degree are you able to obtain and interpret information 
regarding risks and benefits to the community? 
.593 
18 To what degree are you able to utilise current techniques in 
decision analysis and health planning? 
.546 
  PHIS-EIB Domain 3. Competence in Community Engagement 
and Community Needs Assessment 
Factor 
Loadings 
19 To what degree are you able to define, assess, and understand the 
determinants of health and illness and factors contributing to 
health promotion and disease prevention?  
.777 
20 To what degree are you able to define, assess, and understand the 
factors influencing the use of health services by the population of 
patient you serve? 
.774 
21 To what degree are you able to define, assess, and understand the 
health status of the population you serve? 
.767 
22 To what degree are you able to identify your individual 
responsibility (as a Nurse Administrator) and your organisation’s 
responsibility, with regard to (a) assessing the health status of the 
population you serve (b) developing policies and programmes to 
meet these health care needs, and (c) assuring the availability of 
manpower and quality of health services to the public? 
.745 
23 To what degree are you able to develop, implement and evaluate 
community health assessment? 
.629 
24 To what degree are you able to present accurate demographic, 
statistical, programmatic and scientific information for 
professional and lay audiences? 
.579 
25 To what degree are you able to use the media, advanced 
technologies, and community networks to communicate 
information? 
.563 
  PHIS-EIB Domain 4. Competence in Promoting Public Health 
Through the Use of the Sciences of Prevention 
Factor 
Loadings 
26 To what degree are you able to apply the science of prevention of 
infectious disease to promote the public’s health? 
.862 
27 To what degree are you able to apply the science of prevention of 
injuries to promote the public’s health? 
.837 
28 To what degree are you able to apply the science of prevention of 
chronic disease to promote the public’s health? 
.767 
29 To what degree are you able to apply environmental public 
health (e.g. principles and practice of sanitation)  to promote the  
public’s  health? 
.665 
  PHIS-EIB Domain 5. Competence in the Use of Research, 
Epidemiology, Biostatistics, Behavioral and Social Sciences   




30 To what degree are you able to identify the limitations of research 
and the importance of observations and interrelationships? 
.720 
31 To what degree are you able to apply epidemiology to promote the 
public’s  health? 
.677 
32 To what degree are you able to identify and retrieve current 
relevant scientific evidence? 
.663 
33  To what degree are you able to apply biostatistics to promote the 
public’s  health? 
.576 
34 To what degree are you able to identify and apply basic research 
methods used in public health? 
.557 
35 To what degree are you able to apply social sciences to promote the 
public’s  health? 
.461 
36 To what degree are you able to apply behavioral sciences to 
promote the public’s health? 
.459 
  PHIS-EIB Domain 6. Competence in Leadership,  Management 
and Systems Thinking 
Factor 
Loadings 
37 To what degree are you able to manage information systems for 
collection, retrieval and use of data for decision-making? 
0.809 
38 To what degree are you able to conduct the various methods for 
economic evaluation, i.e. cost-effectiveness analysis, cost-benefit 
analysis and cost-utility analysis? 
0.766 
39 To what degree are you able to promote team and organizational 
learning? 
0.718 
40 To what degree are you able to identify internal and external issues 
that may impact delivery of essential public health services (i.e. 
strategic planning)? 
0.664 




41 To what degree are you able to communicate effectively in oral 
form? 
0.924 





PHIS-EIB Domain 1: Competence in data management and analytics 
Items that loaded under this factor consist of those that focus on the self-
assessment of competency in relation to managing data and performing 
analytics. There was a total of 9 items that loaded under this factor with factor 
loadings ranging from 0.636 to 0.784. All items are from COL Domain 1 (Analytic 
/ Assessment Skills). There was one item with complex loading:  “1. 9.1 To what 
degree are you able to make inferences from qualitative data?” This item loaded 
under 2 factors: (a) Factor 1 (Competence in Data Management and Analytics)   
with a factor loading of 0.729; and (b) Factor 2 (Competence in Recognizing How 
Data Illuminate Public Health Related Issues with a loading of 0.414. Since the 
loading of this item in Factor 1 is 0.315 higher than in Factor 2, it was assigned 
to Factor 1 where it is also salient and thematically consistent. 
PHIS-EIB Domain 2: Competence in recognizing how data illumine public 
health related issues 
Under this factor, items that loaded are primarily those on the self- assessment 
of competency in being able to recognize how data illuminate the various facets 
of public health issues.  There was also a total of 9 items that loaded in this factor 
with factor loadings ranging from 0.546 to 0.836. Eight of the domains are from 
COL Domain 1(Analytic / Assessment Skills) and the remaining 1 item was from 
COL Domain 2 (Policy Development and Program Planning). There were 2 items 
with complex loading.  On one hand, item “1.10.1 To what degree are you able to 
obtain and interpret information regarding risks and benefits to the community?” 
loaded under 2 factors: (a) Factor 1 (Competence in Data Management and 
Analytics) with a factor loading of 0.543; (b) Factor 2 (Competence in 
Recognizing How Data Illuminate Public Health Related Issues) with a loading of 
0.593. On the other hand, item “2.6.1 To what degree are you able to utilize 
current techniques in decision analysis and health planning?” also loaded under 2 
factors: (a) Factor 2 (Competence in Recognizing How Data Illumines Public 
Health Related Issues) with a loading of 0.546; and (b) Factor 3 (Competence in 
Community Engagement and Community Needs Assessment)   with a factor 
loading of 0.423. Although the difference in the loadings is less than 0.20, both of 
these complex items were kept under Factor 2 using two criteria: (a) where they 
loaded higher; and (b) they are thematically more coherent to be grouped with. 
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PHIS-EIB Domain 3: Competence in community engagement and community 
needs assessment 
Most of the items that loaded under this factor focus on the self-assessment of 
competencies in engaging the community and in assessing their health status, 
their needs, and their utilization of health care services. Initially, there was a 
total of 10 items that loaded in this factor. After removing item 2.6.1 which was 
an item with a complex loading shared with Factor 2 above, there were 2 more 
factors left with complex loadings.  
Firstly, item “6.5.a.1 To what degree are you able to apply behavioral sciences to 
promote the public’s health?” loaded under 2 factors:  (a) Factor 3 (Competence 
in Community Engagement and Community Needs Assessment)   with a factor 
loading of 0.410; and (a) Factor 5 (Competence in the Use of Research, 
Epidemiology, Biostatistics, Behavioral Sciences to Promote the Public’s Health) 
with a loading of 0.459. This item was kept under Factor 5 where the factor 
loading was higher and more thematically meaningful. 
Secondly, item “6.5.c.1 To what degree are you able to apply biostatistics to 
promote the public’s health?”  loaded under 2 factors: (a) Factor 3 (Competence 
in Community Engagement and Community Needs Assessment) with a factor 
loading of 0.410; and (a) Factor 5 (Competence in the Use of Research, 
Epidemiology, Biostatistics, Behavioral Sciences to Promote the Public’s Health) 
with a loading of 0.459. This item was assigned under Factor 2 using two 
criteria: (a) where they loaded higher; and (b) they are thematically more 
coherent to be grouped with. 
The final 7 items under this factor with factor loadings ranging from 0.665 to 
0.777 were from (a) COL Domain 3 (Communication Skills  - 2 items); (b) COL 
Domain 5 (Community Dimensions of Practice Skills - 1 item); and (c) Domain 6 
(Public Health Sciences Skills - 4 items). 
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PHIS-EIB Domain 4:  Competence in promoting public health through the use 
of the sciences of prevention 
Items that loaded under this domain consist primarily on the self-assessment of 
skills in relation to the promotion of the public’s health through the application 
of multidisciplinary public health sciences.  Four items loaded under this factor, 
with factor loadings ranging from 0.665 to 0.862.  
All of the items are from Domain 6: Public Health Sciences. One item with 
complex loading, “6.5e.1 To what degree are you able to apply environmental 
public health (e.g., principles and practices of sanitation) to promote public’s 
health?”,  loaded under 2 factors: (a) Factor 4 (Competence in Promoting Health 
through the Use of the Sciences of Prevention) with a factor loading of 0.665; and 
(b) Factor 5 (Competence in the use of Research, Epidemiology, Biostatistics, 
Behavioral and Social Sciences to Promote the Public’s Health) with a factor 
loading of 0.415. Since the loading of this item in Factor 4 is 0.55 higher than in 
Factor 5, it was assigned to Factor 4 where it is also salient and thematically 
consistent. 
PHIS-EIB Domain 5: Competence in the use of research, epidemiology, 
biostatistics, behavioral, and social sciences to promote the public’s health 
Under this factor, items on the self-assessment of the ability to use research and 
apply the public health sciences of epidemiology, biostatistics, behavioral and 
social sciences to promote the public’s health loaded. Initially, eight items loaded 
under this factor. After removing item “6.5e.1 To what degree are you able to 
apply environmental public health (e.g., principles and practices of sanitation) to 
promote public’s health?”,   there were 7 items left with factor loadings ranging 
from 0.459 to 0.720.  All these items were from COL Domain 6: Public Health 
Sciences. 
PHIS-EIB Domain 6: Competence in leadership, management and systems 
thinking 
Four items loaded cleanly (i.e., no complex loading) under this factor, with factor 
loadings ranging from 0.664 to 0.809. Two of the items are from COL Domain 7 
(Financial Planning and Management) and the rest of the two items are from the 
COL Domain 8 (Leadership and Systems Thinking). 
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PHIS-EIB Domain 7: Competence in oral and written communication 
Two items loaded cleanly under this factor, with factor loadings ranging from 
0.896 to 0.924.  They were both from the COL Domain 3 (Communication). 
 
The Internal Consistency Reliability of the PHIS-EIB  
 
The following sub-sections present the internal consistency reliability of the full 
scale and the sub-domains of the PHIS-EIB. 
Internal consistency reliability of the full PHIS-EIB.  
The Cronbach’s alpha coefficient of the full PHIS-EIB was estimated to evaluate 
the internal consistency of this instrument. Using the following guideline, that a 
coefficient alpha of 0.80 and above is desirable and that a coefficient alpha of 
0.70 is considered adequate given that this is a new instrument being developed 
(Field, 2005; Lance, Butts, & Michels, 2006; Polit 2010), the internal consistency 
of the full PHIS-EIB instrument was established given a Cronbach’s alpha of 
0.970. 
Internal consistency reliability of the domains of the PHIS-
EIB 
The Cronbach’s alpha of each factor that composed the final PHIS-EIB was also 
calculated, and change in its value with deletion of constituent items of the 
subscale was assessed. The reliability scores of the sub domains were high as 
evidenced by their Cronbach’s alpha which ranged from 0.864 to 0.953 and 
detailed in Table 12. 
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No. of Items 
 








Domain 2: Competence in How Data 
Illumines Public Health Related Issues 
 
.953 9 
Domain 3: Competence in Community 




Domain 4: Competence in Promoting Public 




Domain 5: Competence in the Use of 
Research, Epidemiology, Biostatistics, 
Behavioral and Social Sciences to Promote 
the Public’s Health 
 
.940 7 
Factor 6: Competence in Leadership, 
Management and Systems Thinking 
 
.864 4 











Summary of the Psychometric Properties of the PHIS-
EIB  
 
This section presented the scale development process and the establishment of 
the psychometric properties of the Public Health Informatics for Effective 
Information Behavior (PHIS-EIB). The scale was based on the 2001 COL list of 
core competencies for public health professionals (Council on Linkages Between 
Academia and Public Health Practice, 2001). Taking guidance from the approach 
taken by the Public Health Informatics Working Group (O’Carroll et. al., 2002) in 
applying the 2001 COL list of core competencies for public health professionals 
when identifying the relevant items to include in delineating the competencies 
for public health informatics for effective use of information, the PHIS-EIB also 
applied the 2001 COL list but adapted them to the context of the practice of 
public health nursing in the ILTC sector of the Singapore health care system.  
A 42-item scale was arrived at after the validation process, with a 7-factor 
solution characterized by the following psychometric properties: (a) content 
validity index based on 3 experts was 100%  for each item and 100% for the full 
instrument; (b) test-retest reliability using intraclass correlation coefficient for 
two-way random mixed model of 0.768, 95% CI [0.399, 0.911], F(18, 18) = 4.316 
which was statistically significant (p =.002); (c) total variance explained of 
77.12%; (d) internal consistency for the full instrument was supported by a 
Cronbach’s alpha of 0.970; and internal consistency of the 7 factors that make up 
the scale ranged from Cronbach’s alpha of 0.864 to 0.953.The PHIS-EIB was 
found to be a valid and reliable tool to be used for the measurement of the 
competency of the ILTC nurse administrators in public health informatics for 
effective use of information.  
The 7 domains of the PHIS-EIB include the following: (a) Domain 1 (Competence 
in Data Management and Analytics); (b) Domain 2 ( Competence in How Data 
Illumines Public Health Related Issues); (c) Domain 3 (Competence in 
Community Engagement and Community Needs Assessment); (d) Domain 4 
(Competence in Promoting Public Health Through the Use of the Sciences of 
Prevention); (e) Domain 5 (Competence in the Use of Research, Epidemiology, 
Biostatistics, Behavioral and Social Sciences to Promote the Public’s Health); (f) 
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Factor 6 (Competence in Leadership, Management and Systems Thinking); and 
(g) Domain 7 (Competence in Oral and Written Communication). 
The 42 items of the 7 domains of the PHIS-EIB maps with the  23 public health 
informatics items of the 2001 COL list of core competencies of public health 
professionals in the United States of America (Council on Linkages Between 
Academia and Public Health Practice, 2001).  The result of the validation study 
provides support for the validity of these 23 items from the 2001 COL core 
competencies of public health professionals, as identified by the Public Health 
Informatics Competencies Working Group (O’Carroll et al., 2002), in assessing 
the competence in public health informatics for effective information behavior, 
while suggesting some revisions to the original 23 COL competency statements 
(i.e., to make specific some COL competency statements that are complex) to 
enable its use in Singapore context. The validated version of the PHIS-EIB that 
was used in this study to measure the competency of ILTC nurse administrators 
in public health informatics for effective use of information is presented in 
Appendix G.  
 
 149 
SECTION 3 - Scale Development and Evaluation of 
the HAMENA Scale 
 
This section presents the development and the establishment of the 
psychometric properties of the Healthcare Analytics Maturity for Effective 
Nursing Administration Scale (HAMENA Scale) that was used in this study to 
measure the predictor variable, healthcare business analytics maturity.  
Studies in information science indicate organizational characteristics and culture 
among the determinants of information behavior (Wilson, 1981, 1999, 2007) 
Based on this evidence, the current study hypothesized that the public health 
related information behavior of ILTC nurse administrators are influenced by the 
organizational characteristics and culture in relation to healthcare analytics. 
“Healthcare analytics is the systematic use of data and related clinical and 
business (C&B) insights developed through applied analytical disciplines such as 
statistical, contextual, quantitative, predictive and cognitive spectrums to drive 
fact-based decision-making for planning, management, measurement and 
learning. It involves application of statistical tools and techniques to understand 
historical patterns within previously collected data (structured and 
unstructured) with the goal of improving operational performance. Analytics 
may be descriptive, retrospective, predictive, or prescriptive (Healthcare 
Information and Management Society, 2003). 
 
Content Validation of the HAMENA Scale 
 
To the investigator’s knowledge, to date there is no existing validated self-
assessment scale that measures the healthcare analytics maturity of 
organizations as perceived by nurse administrators.  In view of this, with the 
permission of SAS, the principal investigator developed the Healthcare Business 
Analytics Maturity for Effective Nursing Administration Scale (HAMENA Scale) 
based on the framework of the SAS Information Evolution Model of assessing 
business analytics maturity (Davis, Miller, & Russell, 2006). The investigator 
adapted the assessment of business analytics maturity as conceptualized by 
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Davis et al. (2006) to the healthcare setting and developed the Healthcare 
Business Analytics Maturity for Effective Nursing Administration Scale 
(HAMENA Scale).  
The method proposed by Lynn (1986) for the content validation of cognitive 
instrument which consists of two main stages (i.e., development stage; and 
judgment –quantification stage was used to carry out the scale development and 
content validation of the HAMENA Scale.  
 
Development stage of the HAMENA Scale 
The development stage of the HAMENA Scale consisted of 3 steps: (a) Step 1 -
identification of full content domain; (b) Step 2 - sampling and item generation; 
and Step 3 - assimilation of items into usable form (Lynn, 1986).  
 
Step 1: Identification of full content domain of the 
HAMENA Scale 
In the development of affective or personality measurement scale, the 
identification of content domain is accomplished through a thorough literature 
review of the measurement topic in order that the domain and sub-domains of 
the measurement topic can be identified. This attempt to incorporate the ideas 
from various experts is in contrast to the identification of the full content domain 
of measurement scales in cognitive scales. For these scales, the domain 
identification can be reasonably be done by a single or an arbitrary number of 
experts that is facilitated by the use of a table of specification or a blueprint of 
the content domain (Lynn, 1986).  
The HAMENA Scale, being akin to a cognitive scale followed the procedure for 
the development of cognitive instruments. The table of specification or blueprint 
of content domain that was used in developing HAMENA Scale was based on the 
indicators of healthcare business analytics maturity as conceptualized by the 
experts in business analytics of SAS (Davis et al., 2006).   
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The business analytics maturity of an organization can be assessed based on its 
success in managing information as a strategic asset and is a function of 
infrastructure, process, people and culture that work in concert.  The 
organization’s, maturity on these dimensions can be represented under five 
evolutionary stages as follows within the SAS Information Evolution Model: (a) 
an operational level that is characterized by individual data ownership and 
control that is used to tackle day-to-day functional issues; (b) a consolidation 
level where the individual –level perspective is replaced by departmental - or 
functional-level standards, metrics and perspective; (c) an integration level 
which is characterized by the expansion of the consolidation level into an 
enterprise-wide view; (d) an optimization level wherein the organization is 
characterized as being closely aligned with its markets and gains market 
leadership by applying predictive insights about customers, suppliers and 
business partners; and (e) an innovation level, in which sustainable growth and 
most revenue potential is fuelled by continuing creativity and renewal (Davis et 
al., 2006). 
Davis et al. (2006) argue that although the specific implementation of the SAS 
Information Evolution Model will vary somewhat among organizations and 
industries, the characteristics at each evolutionary level are predictable across 
the following four broad dimensions: (a) infrastructure; (b) knowledge process; 
(c) human capital; and culture. Davis et al. (2006) describe these dimensions as 
follows. The infrastructure (such as the hardware, software and networking 
tools and technologies) creates, manage, store, disseminate, and apply 
information.  The knowledge process of the organization includes (a) the policies, 
best practices, standards, and governance that define how information is 
generated, validated and used; (b) how it is tied to performance metrics and 
reward systems; and (c) how an organization supports its commitment to the 
strategic use of information. Human capital pertains to the people of the 
organization and the quantifiable aspects of their capabilities, recruitment, 
training and assessment. Culture consists of the organizational and human 
influences on information flow (i.e., the moral, social and behavioral norms of 
corporate culture as evidenced by the attitudes, beliefs and priorities of its 
members) related to information as a strategic asset. Davis et al. (2006) submit 
that since the five levels of evolutionary development in the use of information 
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are marked by familiar patterns on these four dimensions, the SAS Information 
Evolution Model they conceptualized would be a useful model for organizations 
to use to appraise themselves and to chart strategies to move to the next level of 
maturity in using information as a strategic asset.  
Step 2: Sampling and item generation 
The second step in developing a cognitive scale is to sample from the content 
domain identified and to generate the items from these sampled areas. Ideally 
the sampling of items is random but is not practical. Hence, it is recommended 
that it is sufficient to ensure that all areas or cells of the table of specification or 
blueprint have been represented appropriately (Lynn, 1986). 
In developing the HAMENA Scale, a blueprint of the content domain was 
developed based on the indicators of business analytics maturity under the 
following domains: (a) information architecture; (b) knowledge process; (c) 
human capital; (d) organizational culture; and (e) general overview of the 
organization. Using this blueprint, the identification of items to be included in 
the scale development for the content validation, construct validation and 
reliability testing of the HAMENA Scale was carried out by the principal 
investigator.  
Step 3: Assimilation of items into usable form 
The third step in the development of the HAMENA Scale involved the assembling 
of items generated by Step 2 above. These items were reworded as appropriate 
to health care setting and arranged in a suitable sequence under the five content 
domains of the SAS Information Evolution Model (Davis et al., 2006):  (a) 
information architecture to support analysis of organizational data; (b) 
knowledge process; (c) human capital; (d) organizational culture; and (e) 
general overview of the organization. The items were assembled into a 
questionnaire for the content validation and the quantification of the content 
validity index (CVI) of the HAMENA Scale. 
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Judgment - Quantification stage of the HAMENA Scale 
Following the assembling of items into a useable form, the instrument was ready 
for the judgment and quantification of content validity by the panel of experts. 
The judgment and quantification of content validity of the HAMENA Scale was 
carried out in two stages. The first involved the assertion by experts that the 
items are content valid and that the entire instrument is content valid. The 
number of experts required to establish the content validity of an instrument is 
determined by the application of the standard error of the proportion. However, 
in practical terms, the number of experts often depends on the available and 
willing number of content experts not on population estimation principle. 
Notwithstanding, there are specific guidelines that need to be adhered to when 
determining the number of experts required to carry out the content validation 
of an instrument. One of these is the recommendation to have a minimum of five 
experts as that would provide sufficient level of control over chance agreement 
(Lynn, 1986). However, in some areas such as this new field of healthcare 
business analytics, it is difficult to find this number of content experts and who 
are willing to participate as content validators. In such a situation, the minimum 
number recommended is three experts since limiting to two will not be 
statistically tenable and there is a risk that the conclusion reached is that the 
instrument is not content valid when, in fact, content validity has been achieved 
(Lynn, 1986).  
Number and composition of the panel of experts for the 
content validation of HAMENA Scale 
The content validation of the HAMENA Scale was assessed by three experts in 
healthcare informatics and analytics:  (a) an Assistant Professor in Nursing who 
completed a PhD on a nursing informatics topic; (b) a senior officer who led the 
design and development of information systems to meet the health information 
needs of Singapore for public health,  policy analysis, and public administration; 
and (c) a Health Information Consultant who has the educational background 
and work experience with the National Health Service, United Kingdom (UK) in 
developing and maintaining information technology enabled report cards on the 
performance of the healthcare organizations in the UK. 
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Quantification of the CVI of the HAMENA Scale 
The content validity of the HAMENA Scale was assessed by analyzing the index 
of content validity (CVI) (Lynn, 1986). The CVI is arrived at by dividing the 
number of experts agreeing by the number of total experts.  Since there are only 
three content experts, it is required statistically (i.e., 95% confidence level) that 
only items where there is 100% agreement will be retained (Lynn, 1986). 
 The CVI was used in both steps of the judgment stage of content validity 
determination, i.e., item evaluation and entire instrument evaluation. The CVI 
was determined for each item by determining the proportion of experts who 
rate it as content valid (a rating of 3 or 4) and the content validity of the entire 
instrument was established by determining the proportion of total items judged 
by the experts as content valid. Since there are only three experts, all experts 
must agree (ratings of 3 and 4) before an item or instrument is considered 
content valid, i.e., statistically significant at 5% alpha (Lynn, 1986). The experts 
have made suggestions to cast the items to be more specific and to give 
illustrative examples where relevant. In addition, suggestions were made to 
make the wordings relevant to the context of the healthcare setting of Singapore. 
After the revision of the items, there was a unanimous consensus among the 3 
experts, yielding a CVI of 100% for each item; and 100% for the full HAMENA 
Scale. Accordingly, questionnaire 3 was revised and consisted of 118 items.  The 
revised questionnaire was administered to 20 participants for pilot testing and 
for the establishment of the test-retest reliability of the HAMENA Scale. 
 
Test-Retest Reliability of the HAMENA Scale 
 
Before performing the ICC to assess the test-retest reliability of the HAMENA 
Scale, the assumption of normal distribution was established through numerical 
and graphical methods using the Shapiro-Wilk test and the Q-Q plot graph. Data 
were analyzed using IBM SPSS Statistics Version 19. The Q-Q plot of data for the 
test scores appear to be approximately normal because the values create a linear 
line and close to the trend line. The normal distribution is also confirmed by the 
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non-significant result of the Shapiro-Wilk test (p = .392). Similarly, the re-test 
score was found to be normally distributed as evidenced by the values of the re-
test scores creating a linear line and close to the trend line and the non-
significant result of the Shapiro-Wilk test (p = .992). 
 
Establishing the test-retest reliability of the HAMENA Scale 
using the intraclass correlation coefficient (ICC) 
There are many types of ICC estimates. Each type is appropriate for specific 
situations defined by the study design and the intent of the study (McGraw & 
Wong, 1996; Shrout & Fleiss, 1979; Weir, 2005). For this thesis, the ICC was used 
for test-retest reliability, a design which dictates that a two-way, mixed effects 
ICC model is appropriate (Weir, 2005). Data were analyzed using IBM SPSS 
Statistics Version 19 (IBM, 1989). The result of the ICC for the test-retest of the 
HAMENA Scale is shown Table 11. 
 








F Test with True Value 0 
















.783 .520 .910 8.208 18 18 <.001 
Average 
Measures 
.878 .684 .953 8.208 18 18 <.001 
*Two-Way Random Mixed Model 
Note 1:  F = F values; df = degrees of freedom 
 
In this thesis, the interest is in the average measure intra-class correlation 
coefficient [ICC2, 2 = 0.878] because the instruments will be administered more 
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than once; at baseline measurement during the Phase 1 of the action research 
and during Phase 3 for the repeat measurement. The average measure ICC is 
recommended to be reported when an instrument is being administered twice 
or more times. Currently, there is no consensus on the interpretation of the ICC 
result. However, it is to be noted that the higher the estimation, the better the 
reliability (Yen & Lo, 2002). For judging intraclass correlation, the note by 
(Nunnally & Bernstein, 1994, cited in Weir, 2005, p. 237) on the effect of 
measurement error on the attenuation of the correlation was used, i.e., the effect 
of measurement error on correlation attenuation becomes minimal as ICCs 
increase to above 0.80.  Based on this guidance, the test-retest reliability of the 
HAMENA Scale was established given the following result: ICC coefficient for 
average measures of 0.878, 95% CI [0.684, 0.953], F(18, 18) = 8.208 which was 
statistically significant (p <.001).     
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Construct Validity of the HAMENA Scale  
 
Approach to factor analysis 
Factor analysis was conducted to summarize the structure of the set of variables 
collected using the HAMENA Scale. The following steps were followed: (a) 
computation of the correlation matrix in order to assess the appropriateness of 
the factor analytic model; (b) factor extraction in order to determine the number 
of factors that are necessary and meaningful to present the data; and (c) rotation 
in order to make the factor structure more interpretable.  
 
Data analysis 
Exploratory factor analysis (EFA) using IBM SPSS Statistics Version 19 (IBM, 
1989) was performed. Principal component analysis was used for extracting the 
factors. To make the factor structure more interpretable, orthogonal rotation 
using varimax procedures was executed since there was no sizable correlation 
among the components (i.e., correlations among the components were less than 
0.3). In addition, since the sample size for factor analysis was close to 100 (i.e., 
94), factor loading of greater than 0.512 was indicated to be executed for factor 
extraction, instead of 0.4 (Field, 2005). 
 
Factor structure of the HAMENA Scale 
Repeated explanatory factor analyses using PCA and varimax rotation were 
carried out until a simple structure for the HAMENA Scale was arrived at. Table 
14 presents the results of the factor analysis for the HAMENA Scale. The model 
yielded 7 factors.  The domains on the vertical axis of Table 14 represent the 
domains of business analytics maturity based on the SAS Information Evolution 
Model (Davis et al., 2006). The 7 factors on the top horizontal axis of Table 14 
are the HAMENA Scale factors. Factor 1 was named HAMENA Domain 1: 
Organizational Culture because the items described the organization in terms of 
the value it assigns to the use of data and the overall organizational support to 
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the use of data for innovation and competitive advantage. Factor 2 was named 
HAMENA Domain 2: Knowledge Processes since the items described how the 
organization generate and use knowledge and insights to innovate and improve 
performance. Factor 3 which include items describing the availability of 
information technology infrastructure to store and manage data was named 
HAMENA Domain 3: Availability of Computerized Databases to Store Data. Factor 
4 which include items on information architecture addressing technology, data 
standards, and business analytics was named HAMENA Domain 4: Availability of 
Technology & Data Standards and Analytical & Business Intelligence Tools because 
the items under this factor include the availability of technology, data standards, 
and business intelligence tools. Factor 5, was named HAMENA Domain 5: Access 
to Data and Statistical Reports because it include items describing the access to 
organizational data and statistical information by the nurse administrators. 
Factor 6 was named HAMENA Domain 6: Data Governance because they describe 
policies and practice with regard to who can access organizational data and 
statistical information. Finally, Factor 7 was named HAMENA Domain 7: 
Knowledge Workers because the items defining this factor describe how the 
organization values its analysts. The items of each of the 7 HAMENA Domains 
and the factor loading of each item are presented in Table 15: Rotated Factor 
Loadings for the 93 Items of the HAMENA Scale.  The process followed for 
selecting the items for each of the 7 HAMENA domains are described in detail 
following Table 15. 
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       Information  1 .249 .234 .680 .166 .107 .108 -.018 
Architecture 2 .175 .138 .701 -.067 .170 .286 .097 
 3 .245 .157 .588 .120 .292 -.040 -.152 
 4 .321 .198 .741 .146 .088 .027 -.084 
 5 .255 .247 .684 .209 .244 -.086 -.203 
 6 .339 .154 .641 .105 .109 .023 -.012 
 7 .355 -.114 .692 .132 .110 .107 .140 
 8 .094 .108 .726 -.011 .097 .343 .144 
 9 .249 .069 .759 .049 .181 .118 -.005 
 10 .213 .047 .813 .042 .111 .012 .080 
 11 .262 .016 .742 .099 .120 .059 .071 
 12 .159 .420 -.086 .558 .152 .095 .076 
 13 .191 .048 .039 .666 .029 .127 -.050 
 14 .104 .249 .097 .694 .127 .003 .087 
 15 .128 .287 .124 .607 .177 -.017 .153 
 16 .120 .220 .158 .663 .053 .156 -.024 
 17 .031 .127 .163 .636 .109 .313 -.003 
 18 .094 .397 .155 .673 .016 .053 .127 
 19 .093 .323 .130 .686 .123 .098 .070 
 20 .250 .192 .215 .377 .251 .375 .328 
 21 .201 .292 .040 .726 .091 -.025 .158 
 22 .207 .123 .080 .640 .208 .178 -.101 
       23# -.276 -.010 .026 .056 -.157 -.461 -.213 
 24 .148 .101 .111 .279 -.115 .644 .101 
 25 .217 .074 .332 .041 .166 .574 -.053 
 26 .249 .125 .174 .153 .054 .703 .164 
 27 .093 .011 .346 .099 .589 .038 .035 
 28 .300 .076 .135 .378 -.094 .640 .071 
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 29 .172 .112 .349 .153 .549 .224 .021 
 30 .370 .056 .220 .182 .009 .592 .183 
 31 .022 .077 .194 .024 .749 .069 .023 
 32 .329 .090 .090 .064 -.157 .630 .108 
 33 -.059 .003 .128 .095 .757 .012 .086 
 34 .328 .264 -.081 .243 .343 -.056 .176 
 35 .432 .290 .116 .365 .084 .267 -.008 
 36 .251 .074 .218 .079 .630 -.114 .056 
Knowledge 37 .217 .503 .123 .374 .143 .063 .254 
Processes 38 .259 .357 .129 .322 .343 .161 .228 
 39 .302 .386 .228 .292 .302 .069 .208 
 40 .323 .387 .257 .250 .359 .212 .005 
 41 .351 .375 .187 .240 .354 .167 .217 
 42 .369 .501 .118 .156 .288 .197 -.093 
 43 .151 .584 -.177 .302 .302 .193 -.160 
 44 .260 .619 .215 .147 .320 .249 .022 
 45 .269 .387 .058 .045 .552 -.021 .233 
 46 .264 .330 .197 .069 .482 -.088 .286 
 47 .135 .234 .155 .111 .766 -.050 .067 
 48 .124 .426 .081 .069 .816 .027 -.023 
 49 .075 .371 .045 .108 .782 -.060 .010 
 50 .150 .334 .003 .098 .630 .055 .046 
 51 .126 .758 .142 .098 .201 -.002 -.110 
 52 .145 .693 .096 .029 .328 .037 -.101 
 53 .229 .811 .161 .084 .209 .094 .106 
 54 .246 .733 .258 .147 .036 -.005 .100 
 55 .124 .727 .272 .137 .256 -.067 .089 
 56 .301 .603 .299 .232 .160 -.103 .237 
 57# -.203 -.408 -.279 -.098 -.179 -.100 -.280 
 58# .059 .575 .085 .261 .096 .204 -.148 
 59 .238 .640 .084 .325 .189 .180 .111 
 60 .220 .615 .086 .399 .220 .012 .280 
 161 
 61 .237 .623 .079 .325 .178 .096 .340 
 62# -.154 -.097 -.261 -.033 -.356 -.328 .054 
 63 .268 .703 -.011 .263 .105 .215 .228 
 64 .322 .668 -.006 .231 -.019 .078 .286 
 65 .238 .736 -.003 .256 .075 .148 .275 
 66 .254 .714 .011 .254 .060 .118 .254 
Human Capital 67# -.088 .054 .167 .185 -.356 .075 -.408 
 68 .348 .129 -.120 .268 .142 .180 .548 
 69 .287 .274 -.129 .293 .084 .230 .497 
 70 .431 .229 .014 .018 .020 .278 .553 
 71 .400 .125 .175 -.003 .203 .208 .679 
 72 .265 .217 -.002 -.052 .086 .163 .673 
 73 .432 .307 -.098 .165 -.026 .380 .273 
 74 .347 .351 -.086 .285 -.040 .400 .269 
 75 .362 .173 .217 .339 -.059 .303 .305 
 76 .317 .116 .075 .288 .095 .407 .158 
 77 .458 .139 -.031 .289 .059 .258 .447 
 78 .588 -.022 -.069 .185 .370 .251 .322 
 79 .729 -.066 .077 .137 .189 -.048 .032 
 80 .609 .036 .075 .141 .284 .109 .046 
 81 .750 .106 .128 .230 .184 -.080 -.056 
 82# -.278 -.132 -.074 .002 -.134 -.323 -.019 
 83 -.217 .001 .127 .107 .106 .157 -.083 
 84 .760 .013 .096 .306 .087 .049 .198 
 85 .541 .333 .076 .322 .050 .106 .256 
 86 .512 .261 .184 .250 .075 .106 .306 
 87 .707 .213 .108 .276 .128 .122 .116 
 88 .602 .296 .212 .280 .192 .258 .004 
Organizational 89 .387 .198 .218 .228 .202 .333 .353 
Culture 90 .397 .250 .284 .265 .024 .173 .459 
 91 .705 .142 .179 .136 .202 .160 .267 
 92 .666 -.082 .087 .141 .273 .210 .028 
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 93 .724 .256 .194 .228 .051 .019 .187 
 94 .668 .310 .325 .001 .139 -.053 .189 
 95 .729 .150 .208 .177 -.056 .140 .204 
 96 .719 .267 .228 .168 -.004 .124 .061 
 97 .792 .245 .220 .162 -.013 .013 .042 
 98 .843 .066 .192 .205 .129 -.001 .029 
 99 .854 .077 .091 .079 .075 .070 -.083 
 100 .800 .069 .152 .124 .083 .258 -.085 
 101 .757 .120 .142 .184 .151 .161 -.034 
General 102 .717 .419 .185 .070 -.060 .098 .200 
Overview of  103 .704 .377 .240 .102 .083 .012 .313 
the 
Organization 
104 .690 .241 .296 .014 .038 .146 .215 
 105 .743 .278 .239 .072 .031 .110 .250 
 106# .033 -.186 -.003 .324 -.098 -.041 -.120 
 107 .631 .387 .098 .077 -.074 .365 .162 
 108 .693 .228 .184 -.240 .044 .300 .164 
 109 .785 .222 .057 -.005 -.044 .266 .120 
 110 .663 .332 .221 -.072 .077 .139 .324 
 111 .632 .417 .198 -.057 .134 .190 .131 
 112 .614 .197 .232 -.044 .086 .259 .064 
 113 .682 .413 .151 .074 .067 .139 .214 
 114 .742 .134 .233 .154 .176 .029 .200 
 115 .757 .069 .147 .050 .169 .249 .128 
 116 .763 .131 .241 -.022 .091 .231 .177 
 117 .562 .306 .102 -.109 .295 .281 .109 
 118 .646 .276 .169 -.057 .289 .313 -.006 
Eigenvalue  44.283 8.469 6.598 5.010 3.803 3.552 2.607 
           
Total variance explained (%) 37.528 7.177 5.591 4.246 3.223 3.011 2.210 
# Items that were reverse scored 
Note: Factor loadings > 0.512 are in bold font 
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Table 15: Item Content and Factor Loadings for the 93 
Items of the HAMENA Scale Used to Measure the Business 
Analytics Maturity of Health Care Organizations 
  1. Organizational Culture  Factor 
Loadings 
1  We have a participative management style and our 
organisational culture is very collaborative and supportive.  
.854 
2 We have a culture of innovation that accepts that failures are 
inevitable and used as learning experiences. The results of these 
learning experiences are documented and shared as organisational 
knowledge, further developing the corporate culture. 
.843 
3  Strategic thinkers are valued as visionaries, and their ideas are 
given a chance to be tried out. 
.800 
4 The infrastructure promotes widespread sharing of internal 
and external information that facilitates our  employees  to 
share their experiences and fine-tune our organisation's clinical, 
operational and administrative processes for our organisation to 
continuously improve. 
.792 
5 In our organisation, information is valued as highly as physical 
asset 
.785 
6 Decisions whether to pursue or not a given proposal to improve our 
organisational performance are based on descriptive and 
predictive analytics that include data from sources inside and 
outside the company. 
.763 
7  Processes are well defined and people are clear about their roles 
and how they contribute to the organization’s success. 
.760 
8 People think like out-of-the box geniuses but act like team 
contributors with a common end goal. 
.757 
9 Decisions whether to pursue or not a given proposal to improve our 
organisational performance are based on descriptive and 
predictive analytics that include data from all our relevant 
clinical, operational, finance and other admin processes that are 
involved in our service development and provision. 
.757 
10 We make efforts to attract and reward staff who can 
synthesise information and ideas from multiple industries, and 
interpret these to propose new and viable ideas to enhance the 
performance of our organization. 
.750 
11 We never stop innovating to be the market leader. .743 
12 Everyone in the organisation is encouraged to constantly offer up 
new ideas, which can be modelled mathematically to identify the 
ones that will enable our organisation to move forward to perform 
better in its clinical performance and market leadership. 
.742 
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13  Employees  are empowered with autonomy and authority to do 
what is right for the organization.  
.729 
14  Change is fundamental to our organization – not only accepted by 
staff but also  expected and embraced to ensure our services are 
aligned with the changes in our sector. 
.729 
15 Our information architecture is adaptive to changes in our 
sector, and so are our roles and job descriptions, accountabilities, 
organizational structure, work flow, and processes. 
.724 
16 Employees are aligned with departmental goals and departmental 
goals are aligned with organizational goals and organisational 
goals are aligned with the trends in our sector 
.719 
17 We monitor and improve our organisational performance based on 
an informed, comprehensive view of all operations across the 
organisation. 
.717 
18 Differences in background, experience and knowledge are 
embraced and encouraged. 
.707 
19 There are plenty of advancement opportunities for adaptable, 
creative people. 
.705 
20 We continuously optimise market alignment and processes to 
achieve market leadership. 
.704 
21  We have started to make use of external data as well (such as 
the annual MOH Health Facts) to better understand the 
healthcare sector in general and our healthcare sector in 
particular. 
.693 
22 We monitor markets to foresee the slightest shift in expectations 
and realign organization accordingly. 
.690 
23  Decisions are always based on analyses that not only explain, 
“what was” but reliably predict, “what will be”, using 
quantitative and qualitative inputs. 
.682 
24 We monitor constantly market information and regulatory 
trends in our sector to stimulate inventive (creative) thinking and 
action. 
.668 
25 The culture rewards creativity  and does not punish failures. .666 
26 We regularly  monitor and analyze data from many new 
sources: markets, customers, partners and suppliers. 
.663 
27 There is some collaboration in answering business-related 
questions (such as “What services should we provide?” ) amongst 
the clinical, human resource, finance, operations (and other 
departments)  via data file sharing about their respective areas. 
.646 
28 In our organisation, we add value to our data analysis  by 
incorporating “unstructured” data – such as text files, digitized 
speech, images, e-mails and  customer support records . 
.632 
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29  Information is seen as a critical strategic asset, just as 
important as tangible operational assets. 
.631 
30  When carrying out strategic planning, information is an 
essential tool for helping us carry out the analyses of our 
organizational Strengths, Weakness, Opportunities, and Threats 
(SWOT ). 
.614 
31 Stimulating environment are provided for creative thinkers 
who like to challenge old paradigms and work outside the box. 
.609 
32 Improvement teams are always looking to broaden the diversity 
of the team members for better and vibrant brainstorming 
sessions and to generate the most creative ideas. 
.602 
33 We are entrusted to make decisions, and we have access to the 
complete and accurate information we need for those 
decisions. 
.588 
34 We try to answer business-related questions (such as “what 
services should we provide?”) with our day-to-day  operational 
data instead of historically trended and forecasted data about our 
patients, staffing, costs and payment data. 
.562 
35 Peer group are formalized across departments; these groups get 
together for brainstorming sessions that can lead the entire 
organisation into performance improvement 
.541 
36 Everyone leverages information and uses analytics (e.g., 
trending, pattern analysis, and predictive results) to increase 
effectiveness 
.512 
  2.  Knowledge Processes Factor 
Loadings 
37 The results of our process improvements and other innovations are 
routinely managed, monitored & evaluated based on our 
organisation-wide data, and then communicated to relevant 
parties for appropriate action. 
.811 
38 We have a team of staff whose main focus is on analysing our 
organisation-wide data (e.g. about our patients, staffing, costs 
and payment) in order to introduce change for improvement. 
.758 
39  In our organisation, the company tracks measures across time 
periods for the entire business value chain (such as employee 
productivity, time taken to develop and introduce our services and 
growth rate in the utilisation of our services). 
.736 
40 In our organisation, we have a team of staff whose main focus is 
on analysing our organisation-wide data (e.g. about our 
patients, staffing, costs and financing) in order to identify and 
seize new areas of patient care services that our organization 
can provide.  
.733 
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41 Our analytical systems (i.e., processes and tools) automatically 
reuse information from our interconnected business processes to 
continuously update internal knowledge and best practices. Clinical 
Example: My organisation has an automated clinical indicator 
monitoring system. If the rates in any of our clinical indicator 
shows an deteriorating trend, this information is relayed quickly 
through the help of IT system to relevant wards/ clinics to adjust 
their service provision accordingly. 
.727 
42  In our organisation, we have measurements that reflect the 
importance of innovation, such as revenue from new services 
being offered, number of ideas at various stages of the service 
development process, time from idea to launch of actual services, 
and the projected monetary value of new ideas for services yet to be 
introduced. 
.714 
43 We  track measurements related to big-picture performance of 
how our organisation in aligning its services to current and 
future healthcare trends (e.g., as announced in annual 
government programmes to develop the healthcare and social 
services  in the Intermediate and Long Term Care sector of 
Singapore). 
.703 
44 We construct mathematical models of our work-flow 
interactions and then analyse the results for continuous 
process improvement. 
.693 
45 We  track measurements to assess how we compare with other 
organisations locally and internationally who offer similar services.  
.668 
46 We have an organizational  data governance framework (i.e. 
the overall management of the availability, usability, integrity and 
security of an organization's data). 
.640 
47 Measurements  carried out by various Departments are integrated 
and interpreted together for planning and decision-making 
(e.g. clinical indicators by Nursing Department; staffing, service 
utilisation, cost &  payment of services by Finance and Admin 
Departments). 
.623 
48  Authorised officers receive reports (e.g. about our patients, 
staffing, costs and financing of our services, and the utilisation of 
our services) on a regular basis.  
.619 
49 We have consistent data definitions, data collection, and data 
management processes to assure data quality have been adopted 
across the organisation. 
.615 
50 Our information and knowledge management systems collect data, 
generate information and produce knowledge and insights that 
are aligned with what is needed to support our organisational 
goals and objectives regarding patient care, staffing, costs and 
the financing of our services. 
.603 
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51  In our organisation, PAYMENT data has been cleansed through 
standard data-quality routines, hence, we have a payment 
database that is accurate and complete that  represents “one 
version of the truth” about our patient financing.  Users can have 
confidence in the payment reports that are based on these data. 
.584 
52 Although there might be uniform hardware, networks, and 
software in place for data collection, data management and 
information dissemination, this infrastructure is not used 
consistently by everyone in the organisation. 
.575 
   3. Availability of Computerised Database to Store and 
Manage Data  
Factor 
Loadings 
53  The formal educational qualifications of staff (e.g. PhD, Masters, 
Degree, Diploma, Post-Basic, Certificate in Nursing, etc.). 
.813 
54 Training and education programmes attended by each of our staff .759 
55  The professional registration of our staff (e.g., APN, RN, EN, etc.). .742 
56  Occurrence  reporting (e.g., falls, pressure ulcers,scabies, 
hospitalization etc.). 
.741 
57 The socio- demographic characteristics of each of our staff (e.g. 
Nationality, Employment, Date of Birth, Gender, Race, etc) 
.726 
58 The socio- demographic characteristics of each of our patient (e.g. 
Education, Employment, Date of Birth, Gender, Race, etc) 
.701 
59 The payments made for the care of each of our patient(e.g., 
subventions, insurance, employers, Medisave, Medifund,  "out-of- 
pocket" etc.,)  
.692 
60  The utilisation of health care services by each of our patients  (e.g. 
hospitals, Specialist Outpatient Clinics, polyclinics, A&E, dialysis 
centres, Diabetic Education Centres, home care services, hospice 
care services and other healthcare related services). 
.684 
61 The clinical information of each of our patients (e.g. referral 
information, medical diagnosis, surgeries, etc) 
.680 
62 The costs of providing health care services to each of our patients. .641 
63  The nursing assessment and nursing care provided (including 
medication administered) to each of our patients. 
.588 
  4. Availability of Technology & Data Standards and 
Analytical  & Business Intelligence Tools 
Factor 
Loadings 
64 We use Software(s) that have both the ability to do descriptive 
and predictive analytics. 
.726 
65 We follow a common information technology standards for 
acquiring and implementing Information Technology across the 
organization 
.694 
66  We use Softwares to carry our analysis of textual  and other 
qualitative data (i.e. non-quantitative data) 
.686 
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67 We use Statistical Softwares (e.g., SAS, SPSS, STATA, etc.,) to 
produce statistical reports (e.g. about our patients, staff, costs of 
providing our services, payments for our services, etc.) 
.673 
68 The IT systems are built based on the mapping of our entire 
organisation-wide business processes and needs, rather than 
being based on individual employee or individual departmental 
needs alone. 
.666 
69 We use data warehousing (data hub) to store and retrieve data 
on patients, staff, costs, financing and service utilisation to enable 
an enterprise (organization-wide) information platform. 
.663 
70 We use Software(s) that enable us to do our own ad hoc query of 
our data bases without needing  assistance from IT or statistical 
staff. 
.640 
71 We use a Software  (instead of manually) to identify and retrieve 
data for analysis (e.g. about our patients, staff, costs of providing 
our services, payments for our services, etc.) from our computerised 
data base(s) 
.636 
72 We follow a data dictionary that defines how we collect data 
about our patients and staff in order to facilitate analysis and 
statistical reporting 
.607 
73 In our organization, we have a master plan that defines how  our  
Information Technology (whether in-house or outsourced) will 
meet our organizational needs 
.558 
  5. Access to Data and Statistical Reports Factor 
Loadings 
74 I receive reports on a regular basis about the payment of our 
nursing care services.  
.816 
75 In our organisation I receive reports on a regular basis about the 
utilisation of our nursing care services.  
.782 
76  I receive reports on a regular basis about the costs of providing 
our nursing care services.  
.766 
77 I have access to  the payment data that  are stored in our 
computerised database(s). 
.757 
78 I have access to the cost data that are stored in our computerised 
database(s).  
.749 
79  In our organisation I receive reports on a regular basis about the 
utilisation of other health care services by our patients (e.g. 
acute hospitals, Specialist Outpatient Clinics, Dialysis Centres, etc.).  
.630 
80  I have access to information containing statistical information 
about our organisation (e.g., statistical reports patients, staffing, 
costs and financing) 
.630 
81  I have access to the staff data that  are stored in our 
computerised database(s). 
.589 
82  I receive  reports on a regular basis about our patients.  .552 
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83 I  have access to the service utilisation data that  are stored in 
our computerised database(s). 
.549 
84 I have access to the patient data that  are stored in our 
computerised database(s) 
.574 
  6. Data Governance Factor 
Loadings 
85 STAFF- related data that  are stored in our computerised 
databases can be accessed by authorised users ONLY.  
.703 
86 PATIENT - related data that  are stored in our computerised 
database(s) can be accessed by authorized users ONLY.  
.644 
87 SERVICE UTILISATION- related data that  are stored in our 
computerised database(s) can be accessed by authorised users 
ONLY.  
.640 
88 Payment-related data that  are stored in our computerised 
database(s) can be accessed by authorised users ONLY.  
.630 
89  COST – related data that are stored in our computerised 
database(s) can be accessed by authorised users ONLY 
.592 
  7.Knowledge Workers Factor 
Loadings 
90 A high percentage of our organization's data analysts (i.e. 
"knowledge workers) have a clear understanding of our 
corporate goals. 
.679 
91 A high percentage of of our organization's data analysts  are 
good team players. 
.673 
92 Our organisation actively seeks to recruit and retain people with 
information management & data analysis skills.  
.553 
93 The data analyst staff gain clout by their unique ability to analyse 




HAMENA Domain 1: Organizational culture 
Items that loaded under this factor focus primarily on the assessment of the 
organization in terms of the value it assigns to the use of data for innovation and 
improvement; and how conducive is its overall organizational environment with 
regard to the use of data for such purposes. There was a total of 36 items that 
loaded in this factor with factor loadings ranging from 0.512 to 0.854. These 
include primarily the items from the following domains of the SAS Information 
Evolution Model (Davis et al, 2006): (a) Domain 3 (Human capital); (b) Domain 4 
(Organizational Culture); and (c) (General Overview of the Organization). 
 HAMENA Domain 2: Knowledge processes 
Items that loaded under this factor include those that assess how the 
organization uses information to monitor their performance against key 
indicators; and to introduce change for innovation and improvement. There was 
a total of 16 items that loaded in this factor with factor loadings ranging from 
0.575 to 0.811. All of the items are from Domain 2 (Knowledge Process) of the 
SAS Information Evolution Model (Davis et al, 2006) 
HAMENA Domain 3: Availability of computerized databases to store data 
The focus of the items that loaded under this factor is the assessment of the 
availability of computerized databases to store and manage data about the 
patients and staff; and about the utilization, cost, and payment for services that 
the organization rendered. There was a total of 11 items that loaded in this 
factor with factor loadings ranging from 0.588 to 0.813. All of the items are from 
the” availability of data storage” variables of Domain 1(Information 
Architecture) to support analysis of organizational data of the SAS Information 
Evolution Model (Davis et al, 2006) 
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HAMENA Domain 4: Availability of technology & data standards and 
analytical & business intelligence tools 
Items that loaded under this factor are those that assess primarily the 
availability of technology, data standards, analytical and business intelligence 
tools. There was a total of 10 items that loaded in this factor with factor loadings 
ranging from 0.558 to 0.726. All of the items are from the “analytical or business 
intelligence tools” and “technology and data standards” variables of Domain 1 
(Information Architecture) to support analysis of organizational data of the SAS 
Information Evolution Model (Davis et al, 2006) 
HAMENA Domain 5: Access to data and statistical reports 
Items that loaded under this factor focus on the assessment of the accessibility of 
data and information that are needed by the nurse administrators for patient 
care; and for operational, human resource, and financial management.  There 
was a total of 11 items that loaded in this factor with factor loadings ranging 
from 0.574 to 0.816. The items are from two sources. Firstly, the variables that 
loaded into Factor 5 are those relating to access to clinical, utilization, manpower 
and finance data by the nurse administrator. These were under Domain 
1(Information Architecture) to support analysis of organizational data of the SAS 
Information Evolution Model (Davis et al, 2006). 
 Secondly, the variables are those relating to the regular dissemination to nurse 
administrators of information relating to (a) patients, (b) the cost of and 
payment for nursing services, (b) utilization of services, and staffing. These were 
under Domain 2 (Knowledge Process) of the SAS Information Evolution Model 
(Davis et al, 2006). 
HAMENA Domain 6: Data governance 
Items that loaded under this factor consist of assessment variables relating to 
the policy of the healthcare organization with regard to who can access data 
about patients, service utilization, cost, payment, and manpower. Five items 
loaded under this factor, with factor loadings ranging from 0.592 to 0.703. All 
the items are from the data access variables of Domain 1 (Information 
Architecture) to support analysis of organizational data of the SAS Information 
Evolution Model (Davis et al, 2006). 
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HAMENA Domain 7:  Knowledge workers 
Items that loaded under this factor focus on the assessment of the characteristics 
of the analysts employed by the organization; and the value of the analysts to the 
organization. Four items loaded under this factor, with factor loadings ranging 
from 0.548 to 0.679. All the items that loaded into this factor are from the 
“knowledge workers” variables of Domain 3 (Human Capital) of the SAS 
Information Evolution Model (Davis et al, 2006). 
 
The Internal Consistency Reliability of the HAMENA Scale 
 
The following sub-sections present the internal consistency reliability of the full 
scale and the sub-domains of the HAMENA Scale. 
Internal consistency reliability of the full HAMENA Scale 
The Cronbach’s alpha coefficient of the full HAMENA Scale was estimated to 
evaluate the internal consistency of this instrument. Using the following 
guideline, that a coefficient alpha of 0.80 and above is desirable and that a 
coefficient alpha of 0.70 is considered adequate given that this is a new 
instrument being developed (Field, 2005; Lance, Butts, & Michels, 2006; Polit 
2010), the internal consistency of the full HAMENA Scale was established  given 
a Cronbach’s alpha of 0.983. 
Internal consistency reliability of the domains of the 
HAMENA Scale 
The Cronbach’s alpha of each factor that composed the final HAMENA Scale was 
also calculated, and change in its value with deletion of constituent items of the 
subscale was assessed. The reliability scores of the sub domains were high as 
evidenced by their Cronbach’s alpha which ranged from 0.857 to 0.983 and 
detailed in Table 16. 
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No. of Items 
 





Domain 2 : Knowledge Processes .958 16 
Domain 3: Availability of Computerized 
Databases to Store Data 
 
.940 11 
Domain 4: Availability of Technology & Data 
Standards and Analytical  & Business 
Intelligence Tools  
 
.923 10 




Domain 6: Data Governance 
 
.875 5 
Domain 7: Knowledge Workers 
 
.857 4 








Summary of the Psychometric Properties of the 
HAMENA  
 
This section presented the scale development process and the establishment of 
the psychometric properties of the Healthcare Business Analytics Maturity for 
Effective Nursing Administration Scale (HAMENA Scale).  The scale was based on 
SAS Information Evolution Model (Davis et al., 2006).  
A  93- item self-assessment scale on the maturity of healthcare analytics 
maturity was arrived at after the validation process, with a 7-factor solution 
characterized by the following psychometric properties: (a) content validity 
index based on 3 experts was 100%  for each item and 100% for the full 
instrument; (b) test-retest reliability using intraclass correlation coefficient for 
two-way random mixed model of 0.878, 95% CI [0.684, 0.953], F(18, 18) = 8.208  
that is statistically significant (p <.001); (c) total variance explained of 62.99%; 
(d) internal consistency for the full instrument was supported by a Cronbach’s 
alpha of 0.983; and internal consistency of the 7 factors that make up the scale 
ranged from Cronbach’s alpha of 0.857 to 0.983. The HAMENA Scale was found 
to be a valid and reliable tool to be used for the measurement of the healthcare 
analytics maturity of an organization as perceived by the nurse administrators. 
The 7 domains of the HAMENA Scale include the following: (a) Domain 1 
(Organizational Culture); (b) Domain 2 (Knowledge Processes); (c) Domain 3 
(Availability of Computerized Databases to Store Data); (d) Domain 4 
(Availability of Technology & Data Standards and Analytical & Business 
Intelligence Tools); (e) Domain 5 (Access to Data and Statistical Reports); (f) 
Domain 6 (Data Governance); and (g) Domain 7 (Knowledge Workers). The 
validated version of the HAMENA Scale that was used in this study to measure 
the maturity of business analytics in a healthcare organization as perceived by 





This chapter presented the procedure followed to ensure there will be 
confidence in the study results through the establishment of the reliability and 
validity of the following measurement tools: (a) the PHNS which measured the 
predictor variable, public health nursing competency; (b) the PHI Scale  for 
Effective Information Behavior which measured the predictor variable, public 
health informatics competency; and (c) the Healthcare Analytics Maturity Scale 
for Effective Nursing Administration (HAMENA) which measured the predictor 
variable, maturity of healthcare business analytics. 
The three measurement scales showed good psychometric properties and were 
used to measure the predictor variables of the present study on the public health 
information behavior of the ILTC nurse administrators, based on the responses 
of the 74 participants of the main study.  The next three chapters present the 
results of the study according to the research questions. Chapter 5 presents the 
public health related information needs of ILTC nurse administrators. Chapter 6 
presents the information seeking paths of ILTC nurse administrators and the 
barriers and facilitators they faced when seeking for data and statistics from the 
ILTC-IS for public health practice.  Chapter 7 presents the degree of use of the 
ILTC-IS for public health practice by the ILTC nurse administrators; and the 
predictors of their use of ILTC-IS for public health practice. In each of these 









CHAPTER 5: INFORMATION NEEDS  
 
Introduction 
The first objective of the present study was to identify the information needs of 
nurse administrators when carrying out needs assessment, policy development, 
and assurance through manpower planning in order to protect the health and 
ensure the safety of the population of patients in the ILTC sector. To meet this 
research objective, this study sought to answer the following first research 
question: “What are the information needs of nurse administrators when they 
are carrying out their public health functions of (a) needs assessment; (b) policy 
development; and (c) assurance to protect the health and ensure the safety of 
the population of patients in the ILTC sector?  This chapter presents the results 
of the information needs of the ILTC nurse administrators when carrying out 
these three core functions of public health. 
 
Characteristics of the Participatory Action Research 
Participants 
 
Of the 70 ILTC organizations invited to participate in this study, 17 (24.29%) 
organizations agreed to participate in this action research. This proportion is 
higher compared to the critical mass needed to initiate an innovation, i.e., 16 % 
which is the combined proportion of innovators (2.5%) and early adopters 
(13.5%) based on Roger’s (2003) innovation adoption curve. Collectively, these 
17 organizations provide the following health care services: (a) community 
hospitals, (b) nursing homes, (c) home care services, (d) hospice care services, 
and (e) diabetic education centers in Singapore.  
There were a total of 74 nurse administrators who participated from these 17 
institutions, of which 69 are females (93.24%) and 5 are males (6.76%). Among 
the 74 participants, there were 73 valid respondents to the question on age, the 
average age was 50 (SD: 10.88) years. The youngest participant was 28 and the 
eldest is 73 years old.  
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Job scope  
Among the 74 participants, there were 72 valid respondents to the question on 
job scope, most (34 or 47.22%) were administrators of nursing service only, 
followed by nurses who perform other nursing administration functions in the 
institutions (21 or 29.17%) such as ward managers, diabetic nurse educators, 
infection control nurse, nurse clinician, nurse educator, trainer, clinical 
instructors, wound nurse and infection control nurse. Seventeen (23.61%) 
perform are administrators of the nursing service and other health care 
functions in the organization such as being the Executive Director, Deputy 
Executive Director, Director (Inpatient Service Cluster), Clinic Manager (Home 
Health Team), Operations Manager, Human Resource Manager, Business 
Development Manager, Housekeeping Manager, Clinical Coordinator, Quality 
Management and Infection Control Officer, Nurse Clinician, Nurse Educator and 
Pastoral Care to Staff and Residents.  
Educational qualification 
The participants held one or more nursing and non-nursing educational 
preparations. Among the nursing educational qualifications held were (a) 
Certificate in Nursing - 32 (42.7%); (b) Diploma in Nursing – 13 (17.3%); (c) 
Post-Basic or Advanced Diploma in Nursing – 32 (42.7%); (d) Degree in Nursing 
– 33 (44%); (e) Honours Degree in Nursing – 2 (2.7%); (f) Masters in Nursing – 5 
(6.7%); (g) PhD in Nursing – 1 (1.3%). Among the non-nursing educational 
qualifications held were (a) Diploma – 6 (8%); (b) Specialist/ Advanced Diploma 
– 5 (6.7%); (c) Degree – 9 (12%); (d) Honours Degree – 1 (1.3%); and (e) 
Masters – 7 (9.3%). 
Professional registration 
Among the 75 respondents that were registered with the Singapore Nursing 
Board, 72 (97.3%) were Registered Nurses, 1 (1.35%) was a Registered Midwife, 
1 (1.35%) was a Registered Psychiatric Nurse and 1(1.35%) was an Advanced 
Practice Nurse.    
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Regulatory environment of the participant’s organization 
The regulatory environment of the ILTC sector consists of two main regulations: 
(a) the Private Hospitals and Medical Clinics Act (PHMC Act) of 1999 which 
stipulates the regulatory requirements to be a licensed health care institution; 
and (b) the Medical and Elderly Care Endowment Schemes Act (MECESA) of 
2000 which stipulates the regulatory requirements to be an approved provider 
of subsidized care of the elderly under this Act.  Among the 72 respondents: (a) 6 
(8.3%) were from voluntary welfare organization funded by charities; (b) 51 
(70.8%) were from voluntary welfare organization funded by public financing 
and charities; and (c) 15 (20.8%) were from private organizations that receive 
subvention for the care of subsidized patients. None of the respondents are from 
the private sector. 
 
Nursing services administered by the participants 
The 74 participants administer one or more type of nursing services depending 
on the breadth of nursing services provided by their respective organizations. 
The types of nursing services administered by the participants were as follows: 
(a) 20 (27%)  administer community hospital nursing services ; (b) 45 (60.8%) 
administer nursing home services;  (c) 4  (5.4%) administer chronic sick 
services; (d) 5 (6.8%) administer inpatient hospice services; (e) 1 (1.4%) 
administer home hospice services; (f) 3 (4.1) administer home nursing services; 
and (g) 5 (6.8%) administer diabetic education and care services . 




Table 17: Characteristics of the Participatory Action 
Research Participants 
Characteristics N % 
By Job Scope 
Administrator/ Head of Nursing Service Only 34 47.22% 
Administrator/ Head of Nursing Service Only Plus Other Healthcare 
Administration Role (e.g. Executive Director, Quality Manager, Infection 
Control Officer,  Business Development Manager) 
17 23.61% 
Other Nursing Administration Roles (e.g. APN, Nurse Clinician, Nurse 
Educator, etc.) 
21 29.17% 
By Educational Qualifications in Nursing* 
Certificate  32 42.7% 
Diploma  13 17.3% 
Post-Basic/ Advanced Diploma 32 42.7% 
Degree  33 44% 
Honours Degree  2 2.7% 
Masters 5 6.7% 
PhD 1 1.3% 
By Educational Qualifications Other Than Nursing** 
Diploma 6 8% 
Specialist/ Advanced Diploma 5 6.7% 
Degree 9 12% 
Honours 1 1.3% 
Masters 7 9.3% 
By Professional Registration in Nursing*** 
Registered Nurse 72 97.3% 
Registered Midwife 1 1.35% 
Registered Psychiatric Nurse 1 1.35% 
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Advanced Practice Nurse 1 1.35% 
By Type of Organization  
Voluntary Welfare Organization – Funded by Charities 6 8.3% 
Voluntary Welfare Organization – Funded by Charities and Subsidies 51 70.8% 
Private (Funded for Subsidized Patients) 15 20.8% 
By Type of Services Administered**** 
Community Hospital 20 27% 
Nursing Home  45 60.8% 
Chronic Sick Unit 4 5.4% 
Inpatient Hospice 5 6.8% 
Home Hospice 1 1.4% 
Home Nursing 3 4.1% 
Diabetic Education & Care 5 6.8% 
*Note 1:  Participants may have more than 1 educational qualification in Nursing 
**Note 2:  Participants may have more than 1 Non-Nursing educational qualification  
***Note 3 Participants may have more than 1 professional registration 
**** Note 4: Participants may administer more than 1 type of nursing service 
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Information Needs of ILTC Nurse Administrators 
 
Among the essential public health services are to protect the health; and to 
evaluate and ensure the quality of both personal and population-based health 
services (Institute of Medicine, 1988; Kukafka et al., 2007). In line with this, in 
this thesis, the term information needs refers to data and statistics that are 
needed by nurse administrators for the performance of the three core functions 
of public health in to protect the health and ensure the safety of nursing care in 
the intermediate and long term care (ILTC) sector of the Singapore healthcare 
system: (a) needs assessment, (b) policy development, and (c) assurance.  
In terms of needs assessment, information refers to the data and statistics 
required by the nurse administrators to identify the risk for falls, pressure 
ulcers, infections, scabies, and unplanned hospitalization among individual 
patients and the aggregate of patients (i.e., population) as a whole that the ILTC 
sector serves. In terms of policy development, information refers to the data and 
statistics required by the nurse administrators to evaluate and recommend 
policies and programs to prevent the occurrence of falls, pressure ulcers, 
infections, scabies and unplanned hospitalization among these patients. In terms 
of assurance, information refers to the data and statistics required by the nurse 
administrators to carry out manpower planning, including the information 
needed to plan the relevant training and development programs to be provided 
to ensure that the required number of competent nursing manpower  are 
available in their organization to provide the required personal and population 
health care.  
 
Information Needs When Performing the Core Function of 
Needs Assessment 
 
With regard to the information needs of ILTC nurse administrators when 
carrying out the public health function of needs assessment for the surveillance, 
prevention and control of nurse-sensitive events, the participants were asked to 
answer the following item of Questionnaire 1: Characteristics of Participants, 
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Type of Organization and Public Health Related Information Behavior of Nurse 
Administrators: “Part 3A – Needs Assessment: What are the data and statistics you 
need in order to assess the risk among your patients of developing the following 
health problems?” To answer this question, the participants were asked to 
indicate what data and statistics they need in order to identify the risk for the 
occurrence of the following nurse-sensitive clinical events among their patients:  
falls, infections, pressure ulcers, scabies, and unplanned hospitalization.  The 
responses of the participants to these questions will serve as an input to what 
will constitute the nursing minimum data set of the enhanced ILTC-IS that will 
enable the surveillance, prevention and control of these nurse-sensitive 
indicators to protect the health and ensure the safety of the population of 
patients in the ILTC sector. 
In carrying out the content analyses of the responses of the participants, the 
categories of a basic nursing data set (Werley et al., 1991) that was developed to 
stimulate nurses towards computerization of nursing services data and toward 
the submission of a proposal to develop nursing information systems provided 
guidance. Founded on the scientific base of nursing practice, the categories of the 
basic nursing data set include: (a) patient data; (b) interpersonal data; (c) 
institutional data; and (d) community data. Patient data include (a) demographic 
character; (b) physiological and psychosocial factors; (c) medical and nursing 
diagnoses; and (d) patients’ perception and goal. Interpersonal data include (a) 
interventions; (b) nursing and medical orders; (c) goal or outcome. Institutional 
data include the following variables: (a) personnel; (b) structural; and (c) 
finance. Community data include (a) resources; (b) health problems; (c) 
socioeconomic status; (d) cultural status; and aggregate data on population at 
risk. To the above list, a data category named “utilization of health services” was 
included based on the responses of the participants. These data include 
information of patient movements within the institution (e.g., inter-ward 
transfers) or movement throughout the healthcare system (e.g. transfers from 
nursing home to hospital or hospital to nursing home). 
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Information needs for the surveillance and prevention of 
falls 
An example of a response to the open-ended question, “What data and 
information do you need for the surveillance and prevention of falls?” was: “Age, 
medical history and (premorbid) condition of the patients, whether mobile 
independently or assisted. Type of medications served.”(Participant 1) 
The content analyses of the qualitative responses of the participants indicate the 
following information needs. For patient data, the following set was identified: 
(a) data needed to inform personal care to prevent a fall event; and (b) fall risk 
stratification to inform relevant preventive action. For interpersonal data, 
information on medications that patients are on and which predisposes them to 
a fall event was identified. For institutional data, in addition to the environment, 
the following were identified as information needs: (a) nurse to patient ratio 
based on patient acuity; and (b) the competence of staff in fall prevention. For 
community data, the following aggregated statistics were identified: (a) 
epidemiological information for monitoring, benchmarking, and evaluation of 
the effectiveness of fall prevention programs; and (b) for patients on home care, 
information on family support and the availability of competent caregivers.  
 
There is a Need for Patient and Interpersonal Data to Inform 
Personal Care to Prevent Falls 
The data needed at the patient level to prevent a fall event include the 
availability of signage to identify patient’s that are at risk of fall. The detailed 
information that the participants  expressed as needed to assess the risk for falls 
at the personal care level include the following: (a) age and gender  of the 
patient; (b) risk for fall score; (b) diagnosis or medical condition;  (c) mobility 
and stability of gait including the Barthel Index score (Mahoney & Barthel, 
1965); (d) psychological and cognitive status; (e) presence of agitation and 
behavioral problems; (f) medications that predispose patient to experience a fall 
event; (g) nutritional status; (h) continence; (i) presence of any vision and 
hearing problems; (j) environmental factors; and (k) safety awareness of 
patients. In addition, for patients that are under home care, the participants also 
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indicated the need for information on the availability of caregivers and whether 
they are trained on falls precautions. 
 
There is a Need for Risk stratification to Inform Relevant Preventive Action 
The participants indicated that the current falls assessment in the ILTC-IS has no 
scoring system. They expressed the need for a scoring and categorization system 
(e.g., low risk, moderate risk, and high-risk) with the relevant recommended 
preventive actions to be taken.  Some participants recommended the use of the 
Morse Fall Scale (Morse, 1997; “Morse Fall Scale,” n.d.) to be incorporated in the 
enhanced ILTC-IS for this purpose.  One participant indicated that they have 
developed an in-house system to stratify patients into categories of risk for falls.  
 
There is a Need for Epidemiological Information for Monitoring, 
Benchmarking, and Evaluation of Falls Prevention Programs 
 The participants also indicated the need for statistical reports to be able to do 
internal and external benchmarking. For internal benchmarking, the participants 
expressed the need for monthly and quarterly statistics to be made available to 
them in order to analyze the trend of fall events within the organization.  One 
nurse administrator requested that such information will be even more helpful if 
it can be made available in real time and at the click of a button. 
For external benchmarking, the participants recommended for national 
surveillance reports to be made available to them, with relevant epidemiological 
analyses indicating significant risk factors, including the patients’ intensity of 
nursing care needs as measured by the Residents Assessment Form or RAF 
(Ministry of Health, 1999) and the staff to patient ratio.  Finally, the participants 
indicated the need for information on the effectiveness of fall prevention 
programs to be included in these surveillance reports.  
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Information needs for the surveillance, prevention and 
control of infections  
An example of a response to the open-ended question, “What data and 
information do you need for the surveillance and prevention of infections?” was: 
“Patient’s diagnosis and general health condition. Patient’s understanding of risk 
of infection. Staff practice of standards for infection control. Statistics of the 
training and courses in infection control (that were) attended by staff. Infection 
rate.” (Participant 2) 
The content analyses of the qualitative responses of the participants indicate the 
following information needs. For patient level data, the following set was 
identified: (a) data needed to inform personal care to prevent an infection; (b) 
data needed to identify signs and symptoms of infection; and (c) diagnostic data 
to indicate the presence of an infection. For interpersonal data, medication of 
patients (e.g., antibiotics) was expressed as an information need. For 
institutional level data, staffing levels and compliance to infection control policy 
and programs were expressed as needs. As in the surveillance, prevention and 
control of fall events, for institutional data, in addition to the environment, the 
following were identified as information needs: (a) nurse to patient ratio based 
on patient acuity; and (b) competence of staff in infection control.  For 
community level data, the following set was highlighted: (a) epidemiological 
information for monitoring, benchmarking, and evaluation of the effectiveness of 
infection control prevention programs; and (b) the economic status of the 
patient. As in the surveillance and prevention of a fall event, for patients on 
home care, information on family support and the availability of competent 
caregivers were also cited. For utilization of health services data, the 
participants identified inter-ward transfers and visits to the emergency 
departments and hospitalization events as relevant. 
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There is a Need for Patient and Interpersonal data to Inform Personal Care 
to Prevent and Control Infection.  
The detailed information that the participants expressed as needed to assess the 
risk for infection at the patient data level include the following: (a) age and 
gender of the patient; (b) medical conditions that predispose patients to 
infection (conditions cited were: immune-compromised, diabetes, and cancer); 
(c) presence of wound and risk for wound as measured by the Braden Scale 
(Braden & Bergstrom, 1994); (d) presence of any device that predisposes 
patients to infection (devices cited were: indwelling catheter and feeding tubes 
such as NGT and PEG); (e) physical and mental conditions that predispose 
patients to infection (conditions cited include: mental conditions that cause 
patient not to comply with infection precautions; mobility status such as being 
bed-bound, incontinence, and malnutrition). 
There is a Need for Information on Environmental Conditions that Placed 
Patients at Risk for Infections.  
The participants indicated physical environment as well as the weather 
conditions as risk factors. 
There is a Need for Information on Utilization of Other Health Services 
The participants indicate that patient movement within (e.g., transfers from one 
ward to another) or outside the organization (e.g., hospitalization) as a risk 
factor for infection. They expressed need for information on the incidence of 
hospitalization and the lengths of stay when hospitalized. In addition, they also 
indicated the need for information to identify whether infection was a reason for 
patients from ILTC to visit the emergency departments or to be hospitalized.  In 
addition to the above, the participants also expressed the need for contact 
tracing information to enable prevention and control of infection. 
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There is a Need for Information on Staffing, Including Competence and 
Compliance to Infection Control Precautions  
The participants expressed the need for information on the levels of staffing and 
the incidence of infections among patients that are admitted to residential ILTC 
institutions. They also expressed need for information on the results of the 
infection control audits in these institutions.  For patients that are on home care, 
the participants expressed that they need information on the availability of 
caregivers and their competence in observing infection control precautions.  
 
There is a Need for Epidemiological Information on the Incidence and 
Prevalence of Infections to Inform Prevention and Control at the Population 
Level.  
The participants indicated the need for information on the incidence of infection 
not only among the patients but also among the staff. In the case of the staff, the 
participants expressed the need for information on absenteeism because of 
infections. In the case of the patients, the participants expressed that need for 
the following information: (a) the results of diagnostic tests (e.g., laboratory, 
urine and x-rays); (b) the specific types of infection that occur and are prevalent 
in the ILTC sector (e.g., VRE, MRSA, UTI, Pneumonia, TB, cellulitis, shingles, 
osteomyelitis, candidiasis, conjunctivitis, and Clostridium Defficile); (c) the types 
of infections and the number of infections that have occurred for a given period; 
(d) the source of infection; (e) the mode of transmission; (f) the degree of 
transmission;  and (g) treatment used. Further, the participants expressed need 
for organizational infection trend for internal benchmarking; and the national 
surveillance data to enable external benchmarking.\ 
There is a Need for Information on the Socioeconomic Condition of Patients. 
Along with family support and availability of caregivers, the participants also 
expressed socioeconomic condition as a risk factor. 
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Information needs for the surveillance and prevention of 
pressure ulcers 
An example of a response to the open-ended question, “What data and 
information do you need for the surveillance and prevention of pressure ulcers?” 
was: “Braden Scale assessment, functional status, continent status, nutritional 
status and pre-existing wounds and pressure sores.” (Participant 3) 
The content analyses of the qualitative responses of the participants indicate the 
following information needs. For patient level data, the following set was 
identified: (a) data needed to inform personal care to prevent the development 
of pressure sores; and (b) pressure sore risk stratification to inform relevant 
preventive action. For institutional level data, the following were identified: (a) 
information on patient safety climate; and (b) availability of aids and appliances 
(e.g., pressure relieving mattresses) to prevent pressure sores. In addition, as in 
the surveillance, prevention and control of fall events and infection events, for 
institutional data, the following were identified as information needs: (a) nurse 
to patient ratio based on patient acuity; and (b) competence of staff in the 
assessment of risk for pressure sore and its prevention.  For community level 
data, the following set was highlighted: (a) epidemiological information for 
monitoring, benchmarking, and evaluation of the effectiveness of infection 
control prevention programs; and (b) the economic status of the patient. As in 
the surveillance and prevention of a fall event, for patients on home care, 
information on family support and the availability of competent caregivers were 
also cited. For utilization of health services data, the participants identified 
hospitalization events and the length of stay as a risk factor and need to be 
included in the data set.  
 
There is a Need for Patient and Interpersonal Data to Inform Personal Care 
to Prevent Pressure Sores 
In addition to demographic data (i.e., age and gender), and patient’s acuity level 
as measured by the RAF (Ministry of Health, 1999), the participants mentioned 
risk score based on Braden Scale (Braden &  Bergstrom, 1994) as an information 
need, or specific data included in the Braden Scale as follows: (a) sensory 
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perception (e.g., participants indicated cognition as being a risk factor); (b) 
moisture (e.g., participants indicated bowel and urine incontinence as risk 
factors; (c) activity (e.g., participants indicated being bedbound as a risk factor);  
(d) mobility (e.g., participants indicated mobility as a risk factor); (e) nutrition 
(e.g., participants indicated they need information on monthly weight of patient 
as well as information from nutritional assessment and dietician’s review); and 
(f) friction and shear (e.g., participants indicate they need information of sources 
of friction and shear when caring for patients). One of the participants has 
indicated that a computerized system consisting of the following will be helpful: 
(a) Braden Scale (Braden & Bergstrom, 1994); (b) skin assessment and turning 
charts; (c) nutritional assessment; (d) dietitian review; and (e) monthly weight 
assessment. Others indicate bladder training charts to monitor and evaluate 
bladder training programs to promote continence and charting of staging of 
pressure sores and the corresponding treatments and management. There was 
an expressed need for the ability to have weekly monitoring data after an 
intervention to manage pressure sores. There was also an expressed need for 
photographic data of the wound, including a ruler to measure the size of 
pressure sore, to be incorporated as part of wound charting to monitor the 
progress of the wound. 
There is a Need for Information on Staffing, Including Competence and 
Compliance to Pressure Sore Prevention 
The participants expressed the need for information on the levels of staffing vis-
à-vis patient acuity and the incidence of pressure sores among patients that are 
admitted to residential ILTC institutions. For patients that are on home care, the 
participants expressed that they need information on the availability of 
caregivers and the quality of their care in preventing the occurrence of pressure 
sores. 
There is a Need for Information on Utilization of Other Health Services. 
The participants indicate frequent hospitalization as a risk factor for the 
development of pressure sores among patients of long term care institutions. 
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There is a Need for Epidemiological Information on the Incidence and Prevalence 
of Pressure Sores and the Effectiveness of Interventions to Inform Prevention 
programs at the Population Level  
As in the surveillance, prevention and control of falls and infections, the 
participants also indicated the need for statistical reports to be able to do 
internal and external benchmarking. For internal benchmarking, the participants 
expressed the need for monthly and quarterly organizational trended data on 
the incidence of pressure sores for internal benchmarking; and the national 
surveillance data to enable external benchmarking. For both internal and 
external benchmarking, the participants expressed the need for epidemiologic 
analysis on specific risk factors on the incidence of pressure sores. In particular, 
the following were mentioned: (a) risk score as measured by Braden Scale 
(Braden & Bergstrom, 1994); (b) hospitalization; (c) medical condition; (d) 
availability of aids and appliances to prevent the occurrence of pressure sores; 
(e) patient acuity as measured by the Resident Assessment Form (Ministry of 
Health, 1999); (g) competence of staff in pressure sore prevention; and (f) staff 
to patient ratio. For the latter, for those in home care, it was recommended to 
include in the analyses the availability of competent caregivers. There was also a 
recommendation for analytical information on the effectiveness of prevention 
activities and the effectiveness of interventions for wound healing, including the 
duration of the wound healing process. 
There is a Need for Information on the Socioeconomic Condition of Patients.  
Along with family support and availability of caregivers, the participants also 




Information needs for the surveillance prevention and 
control of scabies 
An example of a response to the open-ended question, “What data and 
information do you need for the surveillance and prevention of scabies?” was: 
“Mobility and ability, personal hygiene and cognitive status.” (Participant 4) 
The content analyses of the qualitative responses of the participants indicate the 
following information needs. For personal level data, the following set was 
identified: (a) data needed to identify the presence of scabies on admission in 
order to institute the intervention immediately on admission; and (b) risk 
factors for the development of scabies after admission. For interpersonal data, 
information on interventions to eradicate scabies was an expressed information 
need. For institutional data, information on environmental factors contributing 
to the occurrence and spread of scabies among patients was highlighted. For 
community level data, epidemiological surveillance data was indicated as needed 
to understand the incidence and prevalence rate and the effectiveness of 
measures to prevent occurrence and spread. 
 Care to Prevent and Control Scabies 
In addition to demographic data (i.e., age and gender), and patient’s acuity level 
as measured by the RAF (Ministry of Health, 1999), the participants mentioned 
the need for the following personal and interpersonal data: (a) skin condition on 
admission and on weekly monitoring; (b) Braden Scale assessment (Braden &  
Bergstrom, 1994); (c) medical diagnosis and treatment; (d) patient acuity as 
measured by the Resident Assessment Form (Ministry of Health, 1999); (e) 
activity and mobility status, i.e., being bed bound; (f) ability of patient to 
maintain personal hygiene given the patient’s mental status and cognitive 
ability; (g) patient’s contact with patients known to have scabies; and (h) 
nutritional status.  
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There is a Need for Information on Staffing, Including Competence in 
Identifying Cases of Scabies Infestation and Implementing the Care Protocol 
The participants expressed the need for information on the levels of staffing vis-
à-vis patient acuity and the incidence of scabies infestation among patients that 
are admitted to residential ILTC institutions. The participants also expressed the 
need for information on the competence of staff in following the protocol for 
identifying the presence of scabies and the implementation of timely 
intervention to eradicate scabies and control its spread among patients. For 
patients that are on home care, the participants expressed that they need 
information on the availability of caregivers and the ability to prevent the 
occurrence of scabies infestation through assisting patients in personal hygiene 
and ensuring the cleanliness of the environment. 
There is a Need for Information on Utilization of Other Health Services 
The participants indicate that patient movement within the organization and 
outside of the organization.  As in infection control, they expressed need for 
information for contact tracing for prevention and control. 
There is a Need for Information on Environmental Hygiene 
 In terms of institutional data, the following were identified by the participants: 
(a) state of environmental hygiene; and (b) compliance to standard in laundry 
procedures and care of patients’ linens.  
There is a Need for Epidemiological Information on the Incidence and Prevalence 
of Scabies and the Effectiveness of Interventions in Order to Inform Prevention 
Programs at the Population Level 
As in the surveillance, prevention and control of infections, the participants also 
expressed the need for population level data on the incidence and prevalence of 
scabies within their institution and as benchmarked with national statistics. 
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Information needs for the surveillance and prevention of 
unplanned hospitalizations  
An example of a response to the open-ended question, “What data and 
information do you need for the surveillance and prevention of unplanned 
hospitalization?” was: “Unplanned hospitalization details, demographic data, 
incidence and prevalence rate of different infections such as UTI, pneumonia, and 
chest infection..” (Participant 5). 
The content analyses of the qualitative responses of the participants indicate the 
following information needs. At the patient data level, information needed to 
identify the risk for unplanned hospitalization for a particular patient include: 
(a) demographics; (b) medical condition such as chronic diseases and stroke and 
management of age related syndromes and changes; (c) patient acuity as 
measured by the Resident Assessment Form (Ministry of Health, 1999); and (d) 
pattern of previous hospitalization, including information on the length of stay 
and the outcome upon discharge from hospital. The participants also expressed 
need for patient data to identify patients who are at higher risk to experience the 
following clinical events:  (a) falls; (b) pressure ulcer; and (c) pneumonia. 
At the institutional level of data, participants highlighted the limited capability of 
the ILTC sector, both in facilities and manpower numbers and skills mix to care 
for patients with advanced medical conditions as main reason for sending ILTC 
patients for hospitalization. Hence, they indicated that data is needed to identify 
patients that are deteriorating rapidly to enable their timely transfer to acute 
hospital where the facilities and staffing needed by the patient’s condition are 
available. The participants also highlighted the need for data on the competence 
of the staff in patient surveillance and early detection of deterioration to enable 
timely intervention and transfer of patients into the acute care level of care, in 
order to protect the health and ensure the safety of ILTC patients. 
At the community data level, the data needed by participants include reasons for 
hospitalization episodes of ILTC patients that are due to the following: (a) 
advanced care planning wishes of the family, and social and family expectations 
of care; and (b) lack of family and community resources to support patient at the 
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community level of care. In addition to this, other community data level that the 
participants indicated include the following epidemiologic information: (a) 
incidence of hospitalization; (b) what time of the day do the decision to 
hospitalize patient is made; and (c) reasons for hospitalization;  
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Information Needs  When Performing the Core Function 
of  Policy Development 
 
In terms of the information needs of ILTC nurse administrators when carrying 
out the public health function of policy development, the participants were 
asked to answer the following item of Questionnaire 1: Characteristics of 
Participants, Type of Organization and Public Health Related Information 
Behaviour of Nurse Administrators: “Part 3B – Policy Development: What are the 
data and statistics you need in order to evaluate and recommend policies and 
programmes to prevent the occurrence of falls, infections, pressure ulcers, scabies 
and unplanned hospitalization among the population of patients that your 
organization serves?” 
In answer to this question, the participants identified their need for information 
on the statistical trends of the various nurse-sensitive indicators discussed 
above (i.e., falls, infections, pressure sores, scabies, and unplanned 
hospitalization at the institution level and as compared to the whole ILTC sector 
and as compared to the acute hospitals.  
An example of the response to the above question was: “Frequency of their 
occurrence. New cases or incidence of the above (i.e.,  incidence and prevalence of 
falls, infections, pressure sores, scabies and unplanned hospitalizations) Compare 
(organizational rates) against trends in the ILTC sector and national level.” 
(Participant 6). 
The participants also expressed need for information from epidemiologic studies 
on the occurrence of these nurse-sensitive events. In particular, the participants 
asked for the analysis of the association between staff to patient ratio based on 
acuity and the occurrence of the above nurse sensitive events. 
 In addition to the surveillance data and epidemiologic analyses, the participants 
also expressed need for information on effectiveness of interventions that were 
implemented to prevent the occurrence of these nurse-sensitive events. Further, 
they also need information on the effectiveness of interventions to resolve 
clinical events that have occurred. The participants also asked for information to 
be made available to them on the latest scientific evidence, including the 
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updating of clinical practice guidelines (e.g., for falls and pressure sores) to 
inform their development, implementation and evaluation of organization 
policies and procedures to address the primary, secondary and tertiary 
prevention interventions for these nurse-sensitive indicators. 
Finally, the participants emphasized that data and statistics must be made 
meaningful to staff to enable its use in actual care settings. 
 
Information Needs  When Performing the Core 
Function of  Assurance  
 
To identify the information needs of ILTC nurse administrators when carrying 
out the public health function of assurance through manpower planning, the 
participants were asked to answer the following item of Questionnaire 1: 
Characteristics of Participants, Type of Organization and Public Health Related 
Information Behaviour of Nurse Administrators: “Part 3C- Assurance: What are 
the data and statistics you need to carry out manpower planning in your 
organization?” 
An example of the response to the above question was: “Name (of staff), age, 
employment status, (whether) local or foreign, training data, designation, 
promotion, upgrading; Number of care staff, number of operational staff, staff 
establishment and vacancies, staff qualification” (Participant 7). 
Content analysis of the participants’ responses identified eight types of 
information: (a) staff specific information; (b) information on regulatory 
requirements; (c) information on trends in the labor market; (d) information on 
key manpower indicators; (e) information on organizational plans and 
strategies; (f) information of patient’s profile; (g) information on utilization of 






In terms of staff specific information, the following were identified: (a) 
demographics such as age and gender; (b) marital status; (c) nationality; (d) 
address; (e) emergency contact person’s name, address and telephone number 
(f) educational qualifications and professional registrations; (g) years of 
experience;  (h) date of joining; (i) date of resignation; (j) date of probation 
period, confirmation, and promotion; (k) training records; (l) salary banding; 
(m) expiration of contract; and (n) performance appraisal. 
To enable the planning of manpower to assure staffing levels for protecting the 
health and ensuring the safety of ILTC patients, the participants indicated the 
need for information on (a) manpower regulation such as standards for staff to 
patient ratio the quota on the number of foreign workers that the organization 
can hire; (b) information on trends in the labor market; (c) information on key 
manpower indicators such as absenteeism rate because of illness, staff turnover 
rate, foreign worker turnover rate; (d) information on organizational plans and 
strategies such as the type of services to be offered; (e) information on  patient’s 
demographic characteristics, medical conditions , need for infection control 
measures; and patient acuity as measured by the Resident Assessment Form 
(Ministry of Health, 1999); (g) information on utilization of services such as bed 
occupancy rate, clinic attendances, and home visits; and (h) information on staff 




The identification of information need is the motivation for active information 
seeking, searching and use (Wilson, 1981). This chapter reported the results of 
the content analyses on the information needs of the ILTC nurse administrators 
based on their responses to the questions asking what are the data and statistic 
they need for (a) needs assessment; (b) policy development; and assurance to 
protect the health and ensure the safety of the population of ILTC patients. In 
terms of needs assessment, there were 5 types of data needed: (a) patient data; 
(b) interpersonal data; (c) institutional data; (d) community data; and (e) data 
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on the utilization of health services by the patients. In terms of policy 
development, the information needs are primarily the aggregated statistics and 
epidemiologic reports on the incidence and predictors of the following nurse-
sensitive events: (a) falls; (b) infections; (c) pressure sores; (d) scabies; and (e) 
unplanned hospitalizations. Finally, in terms of assurance through manpower 
planning, there were eight types of information that the ILTC nurse 
administrators needed: (a) staff specific information; (b) information on 
regulatory requirements; (c) information on trends in the labor market; (d) 
information on key manpower indicators; (e) information on organizational 
plans and strategies; (f) information of patient’s profile; (g) information on 
utilization of services; and (h) information on staff strength (i.e., number and 
skills mix).  
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The second objectives of the present study was to identify the information 
seeking paths that nurse administrators take in order to access the data and 
information from the ILTC-IS to meet their information needs; and to identify 
the facilitators and barriers to their information-seeking when carrying out 
needs assessment, policy development, and assurance to protect the health and 
ensure the safety of the population of patients in the ILTC sector. To meet this 
objective, the  present study sought to answer the following second research 
question: “What information seeking paths do nurse administrators take in 
order to access the data and information from the ILTC-IS? What are the barriers 
and facilitators faced by nurse administrators in using the ILTC-IS when they are 
seeking data and statistics to carry out the public health functions of (a) needs 
assessment; (b) policy development; and (c) assurance to protect the health and 
ensure the safety of the population of patients in the ILTC sector. This chapter 
presents the results of the baseline measurements of the information-seeking 
paths that the nurse administrators undertake when carrying out the three core 
functions of public health practice, namely (a) needs assessment; (b) policy 
development, and (c) assurance. The chapter also presents the facilitators and 
the barriers encountered by the nurse administrators when seeking information 
for public health practice. 
 To enable achievement of validity of findings through triangulation of results, a 
mixed methods approach to data collection and data analyses was employed. 
The mixed method analyses were employed to meet three analytic objectives: to 
describe information behavior of nurse administrators; to identify the 
information-seeking paths they undertake; and  to identify the facilitators and 
barriers (i.e. intervening variables) to their  information-seeking, information-
searching,  and information-use behaviors.  
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The ordinal regression analyses that were performed to identify the predictors 
of the use of the ILTC-IS for the public health practice of the nurse 
administrators in the ILTC sector were complemented with content analyses of 
the responses of the participants to the open-ended questions of the 
questionnaires and the thematic analyses of their responses to the focus group 
discussions. Qualitative analyses were carried out in order to gain more insights 
about the information seeking paths of the nurse administrators and to identify 
the facilitators and barriers to their use of the ILTC-IS for public health.  
The Public Health Related  Information-Seeking 
Paths of Nurse Administrators 
 
Information-seeking paths for needs assessment  
The participants were asked what their information-seeking path is when they 
search for data and statistics from the ILTC-IS to meet their information needs to 
assess the risk of developing the following health problems among the 
population of patients they serve: (a) falls; (b) infections; (c) pressure ulcers; (d) 
scabies; and (e) unplanned hospitalization.  
Table 18 presents the distribution of the responses of 68 participants who 
answered this question. Of the 68 participants, 56 (82.35%) indicated that their 
organization have access to the ILTC-IS. However, only 20 of the 68 participants 
(29.41%) seek information from the ILTC-IS for needs assessment, 8 of the 68 
participants (11.76%) search the ILTC-IS directly. Similarly, 8 of the 68 
participants (11.76%) search the ILTC-IS through another person who have 
access to the ILTC-IS. Four of the 68 participants (5.88%) search the ILTC-IS 
directly and through another person who have access to the ILTC-IS. 
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Table 18: Information-Seeking Path When Carrying Out 
Needs Assessment 
Response Categories No. % Cumulative 
Percent 
Not applicable. My organization does not have 
access to the ILTC-IS 
 
12 17.65 17.65 
My organization has access to ILTC IS. However, I do 
not search for data & statistics from the ILTCIS at all, 
either by myself or through another person who 
have access to the ILTCIS.  
36 52.94 70.59 
I search data  & statistics I need from the ILTC-IS 
myself  
8 11.76 82.35 
I search data & statistics I need from the ILTC-IS 
through another person who have access to the ILTC-
IS 
 
8 11.76 94.12 
I search data & statistics I need from the ILTC-IS 
myself and through another person who have access 
to the ILTC- IS 
 




Information-seeking paths for policy development 
The participants were asked what their information-seeking path is when they 
search for data and statistics from the ILTC-IS to meet their information needs to 
evaluate and recommend policies and programs to prevent the occurrence of 
falls, infections, pressure ulcers, scabies and unplanned hospitalization among 
the population of patients that their organizations serves. 
Table 19 presents the distribution of the responses of 69 participants who 
answered this question. Of the 69 participants, 56 (81.16%) indicated that their 
organization have access to the ILTC-IS. However only 17 of the 69 participants 
(24.64%) seek information from the ILTC-IS for policy development, 7 of the 69 
participants (10.14%) search the ILTC-IS directly; 4 of the 69 participants 
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(5.80%) search the ILTC-IS through another person who have access to the ILTC-
IS, and 6 of the 69 participants (8.7%) search the ILTC-IS directly and through 
another person who have access to the ILTC-IS. 
 
Table 19: Information-Seeking Path When Carrying Out 
Policy Development 
Response Categories No. % Cumulative 
Percent 
Not applicable. My organization does not have 
access to the ILTC IS 
 
13 18.84 18.84 
My organization has access to ILTC IS. However, I do 
not search for data & statistics from the ILTCIS at all, 
either by myself or through another person who 
have access to the ILTCIS.  
39 56.52 75.36 
 
I search data  & statistics I need from the ILTC IS 
myself  
7 10.14 85.51 
I search data & statistics I need from the ILTC IS 
through another person who have access to the ILTC 
IS 
 
4 5.80 91.30 
I search data & statistics I need from the ILTC IS 
myself and through another person who have access 
to the ILTC IS 
 
6 8.70 100.00 
 
Information-seeking paths for assurance through 
manpower planning 
The participants were asked what their information-seeking path is when they 
search for data and statistics from the ILTC-IS to meet their information needs 
for assurance through manpower planning.  
Table 20 presents the distribution of the responses of 66 participants who 
answered this question. Of the 66 participants, 50 (75.76%) indicated that their 
organization have access to the ILTC-IS. However only 16 of the 66 participants 
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(24.24%) seek information from the ILTC-IS for manpower planning. Five of the 
66 participants (7.58%) search the ILTC-IS directly.  Seven of the 66 participants 
(10.61%) search the ILTC-IS through another person who has access to the ILTC-
IS. Four of the 66 participants (6.06%) search the ILTC-IS directly and through 
another person who had access to the ILTC-IS. 
 
Table 20: Information-Seeking Path When Carrying Out 
Assurance through Manpower Planning 
Response Categories No. % Cumulative 
Percent 
Not applicable. My organization does not have 
access to the ILTC IS 
 
16 24.24 24.24 
My organization has access to ILTC IS. However, I do 
not search for data & statistics from the ILTCIS at all, 
either by myself or through another person who 
have access to the ILTCIS.  
34 51.52 75.76 
 
I search data  & statistics I need from the ILTC IS 
myself  
5 7.58 83.33 
I search data & statistics I need from the ILTC IS 
through another person who have access to the ILTC 
IS 
 
7 10.61 93.94 
I search data & statistics I need from the ILTC IS 
myself and through another person who have access 
to the ILTC IS 
 




The Barriers and Facilitators  to the Use of the ILTC-




Barriers and facilitators to the use of ILTC-IS for needs 
assessment 
Part of the second objective of the present study was to identify the barriers and 
facilitators to the use of the ILTC-IS for public health practice. Open-ended 
questions were used and included in Questionnaire 1: Characteristics of 
Participants, Type of Organization and Public Health Related Information 
Behavior of Nurse Administrators that was administered to the research 
participants. Of the 48 respondents who do not use the ILTC-IS for needs 
assessment, 21 (43.75%) provided written responses to the question, “If your 
response was, ‘I do not use the ILTC-IS, please provide further comments on why 
you do not use the ILTC-IS.” The content analyses of the responses to this 
qualitative question indicate the following six reasons for not using the ILTC-IS 
for needs assessment.  
Not having a direct access to the ILTC-IS 
Six participants indicated that the reason for not using the ILTC-IS for needs 
assessment is not having direct access to the ILTC-IS.  Two of the 6 expressed 
that it is inconvenient to ask someone who was given access to search for the 
information on their behalf. A participant wrote, “There is only one appointed 
staff [to access the ILTC-IS]”. Another participant commented, “I do not have 
access and is inconvenient to go through another person.”  
Not being expected to carry out needs assessment 
Two participants indicated that they do not access the ILTC-IS for needs 
assessment because it is not within their job scope. Their responses were as 
follows: “Because I am not monitoring such data.” and “[It] is not required in my 
job scope.”  
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Having own IT system  
Three of the participants indicated that they do not access the ILTC-IS because 
they have their own information systems. A participant wrote: “My organization 
have our data management to identify the above mentioned [referring to the data 
and statistics required for needs assessment]. It is easy to access it.”   
Technical reasons 
Two participants commented that they do not access the ILTC-IS for needs 
assessment because of technical reasons. A participant commented, “The ILTC-IS 
system is time consuming. It is too slow to generate a report and I am unable to 
access at times; not user friendly.” 
Concern over data quality  
One participants expressed that the reason for not using the ILTC-IS is concern 
over the quality of data in the ILTC-IS: “[The data and statistics in the ILTC-IS] 
may not be accurate.” 
Other reasons 
Three participants provided the following responses for not using the ILTC-IS for 
needs assessment: (a) “Lack of systematic training”; (b) “I am new to the ILTC 
sector and have just received approval for access. Will be utilizing the ILTC-IS 
later.”; and (c) “Had not explored.” 
 
Barriers and Facilitators to the Use of ILTC-IS for 
Policy Development 
 
Of the 52 respondents who do not use the ILTC-IS for policy development, 23 
(44.23%) provided written responses to the question, “If your response was, ‘I do 
not use the ILTC-IS, please provide further comments on why you do not use the 
ILTC-IS.” The content analyses of the responses to this qualitative question 
indicate the following six reasons for not using the ILTC-IS for policy 
development.  
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Not having a direct access to the ILTC-IS 
Eleven participants indicated that the reason for not using the ILTC-IS for policy 
development is not having a direct access to the ILTC-IS.  A participant wrote; “I 
have no access to ILTC-IS. There is one appointed staff that has the access.” Similar 
responses were provided by ten participants. 
Not being expected to carry out policy development 
One participant indicated that there is no need to access the ILTC-IS for policy 
development because it is not within the participant’s job scope: “[My] job scope 
does not require me to write policy.” 
Having own IT system  
Seven participants indicated that they do not access the ILTC-IS because they 
have their own information systems. A participant wrote: “[We have our] own 
record in home system. [We can] access at a glance and easy retrieve.” Similar 
comments were made by the five participants. They indicated that they have 
ready access to their own system and it is easier to retrieve the information they 
need from their in-house systems. 
Technical reasons 
One participant commented that accessing the ILTC-IS for data and information 
needed for policy development is time consuming: “[The] ILTC-IS system is too 
slow to generate a report. [The] system prompts multiple errors upon request for 
reports. [It is] not user friendly and time consuming to churn any details required.” 
Incomplete information 
One participant expressed that the reason for not using the ILTC-IS for policy 
development is that not all the data and statistics needed for policy development 
is in the ILTC-IS: “Not comprehensive information [system]” 
Other reasons 
One participant indicated that the reason for not using the ILTC-IS for policy 
development is being new to the ILTC-sector. The access to the ILTC-IS has just 
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been approved but training is yet to be conducted on how to use the ILTC-IS: 
“Will use soon for newly gained access.” 
 
Barriers and Facilitators to the Use of ILTC-IS for 
Assurance Through Manpower Planning.  
 
Of the 50 respondents who do not use the ILTC-IS for assurance through 
manpower planning, 22 (44 %) provided written responses to the question, “If 
your response was, ‘I do not use the ILTC-IS, please provide further comments on 
why you do not use the ILTC-IS.” The content analyses of the responses to this 
qualitative question indicate the following five reasons for not using the ILTC-IS 
for assurance through manpower planning.  
Not having a direct access to the ILTC-IS 
Seven participants indicated that the reason for not using the ILTC-IS for policy 
development is not having a direct access to the ILTC-IS. Similar to the responses 
concerning lack of access to ILTC-IS when carrying out needs assessment and 
policy development, these participants commented that there is a designated 
person within their organization who can access the ILTC-IS.  A participant 
wrote, “Barrier is accessibility.” 
Not being expected to carry out assurance 
One participant indicated that there is no need to access the ILTC-IS for 
assurance through manpower planning because it is not within the participant’s 
job scope: “[My] job scope does not require me to do manpower planning” 
Having own IT system  
Five participants indicated that they do not access the ILTC-IS for assurance 
through manpower planning because they have their own information systems. 
A participant wrote: “[My] own organization have data management”. Another 
participant state: “Own IT system in my organization.” Similar comments were 
made by the three participants.  
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Incomplete information 
Three participants expressed that the reason for not using the ILTC-IS for 
assurance through manpower planning is that not all the data and statistics 
needed for manpower planning is in the ILTC-IS. A participant commented, 
“Insufficient information”. 
Other reasons 
Two participants indicated they do not know what manpower planning related 
data are in the ILTC-IS. One participant indicated being new to the ILTC-sector 
and yet to receive training on how to use the ILTC-IS. One participant works with 
their human resource department when carrying our assurance through 
manpower planning. 
 
Focus Group Discussion on Barriers and Facilitators 
to the Use of ILTC-IS for Public Health Practice by 
ILTC Nurse Administrators 
 
Of the 72 valid respondents to the survey question, “Do you have access to the 
ILTC-IS?”, 35 (48.61%) indicated that they have access to the ILTC-IS. The result 
of the survey showed a significant difference in access to the ILTC-IS among the 
participants based on their job roles (Pearson χ2 = 6.9981; p = 0.03). Of the 70 
respondents that have complete answers to the two questions on job role and 
access to ILTC-IS, only 34 (48.57%) indicated that they have access to the ILTC 
IS.  Among the 17 nurse administrators who have additional healthcare admin 
role, 13 (76.4%) have access to the ILTC-IS. This proportion is statistically higher 
as compared to the proportion of nurse administrators who are head of nursing 
service only who have access to the ILTC-IS, i.e., 13 out of 33 (40%); and the 
proportion of nurse administrators who are performing other nursing 
administration roles who have access to the ILTC-IS, i.e., 8 out of 20 (40%).  
The responses to the survey questions indicate that the key reason for not using 
the ILTC-IS for public health practice by the nurse administrators was the lack of 
access. To gain further insight on access to the ILTC-IS, the focus group 
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participants were asked to describe their information-seeking paths and the 
reason for such a choice. The focus group participants shared that their 
information-seeking behavior is influenced by the access policy of their 
organization.  Nurse administrators who have direct access to the ILTC-IS will 
seek information from the ILTC-IS by themselves and/or through the help of 
another staff who have access to the ILTC-IS. Nurse administrators that do not 
have access to the ILTC-IS but aware of the existence of the clinical indicator 
data in the ILTC-IS access the ILTC IS through the help of another staff who have 
access to the ILTC-IS. Nurse administrators who are not aware of the existence of 
the ILTC-IS responded that their organization does not have access to the ILTC-
IS and therefore do not seek information from the ILTC-IS to meet their 
information needs when carrying out needs assessment, policy development and 
assurance. 
The focus group discussions identified two main barriers  to the use of ILTC-IS 
by nurse administrators for public health practice: (a)  the lack of access to the 
clinical data that are available in the ILTC-IS since the tabular statistics on the 
clinical indicators is located within the administrator’s module of the ILTC-IS, 
instead of the clinical module; and (b)  the access policy of the institution in 
which there is separation of access to the different modules of the ILTC-IS based 
on job roles, i.e., the administration modules are accessed primarily by the 
administrative staff while the clinical modules are accessed primarily by the 
nursing staff. The focus group participants clarified that the data entry for the 
clinical data is made primarily by the nurses via the clinical module of the ILTC-
IS. However, the table that summarizes the statistics on the nurse-sensitive 
clinical indicators based on the data entered via the clinical module is located in 
the administrator’s module. 
A participant expressed:  
“We (nurses) enter the risk assessment, the resident assessment using the 
Resident Assessment Form, and the occurrence of falls, pressure ulcers, 
scabies, hospitalizations and reason for hospitalization using the clinical 
module in the ILTC-IS. However, we do not see the rates because it is not in 
the clinical module.” (Participant A) 
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The focus group participants also shared that access to the clinical information 
varies from one organization to another. In some organization, the administrator 
is a nurse administrator and therefore, the nurse administrator has access to the 
clinical information, without the need to seek the assistance of another staff that 
has access to the ILTC-IS. In other organizations, access to the clinical indicator 
report is made through the local ILTC-IS administrator, who then creates a print 
screen of the clinical indicator report in order to enable the data quality checks 
by nurse administrators. A participant expressed: 
“Every quarter, my ILTC-IS administrator creates a print screen of the 
summary of the clinical indicators. She will then send this to me via-email for 
me to check the accuracy before she submits the data to MOH. I will use the 
print-screen to check with my nursing officers.” (Participant B) 
 In some other organizations, the nurse administrator who recently joined the 
ILTC sector (i.e., way after the launch of the system in 2009) is not even aware 
that there are clinical indicator reports in the ILTC-IS.  A participant expressed:  
“I do not even know that there is a function in the ILTC-IS that contain the 
summary table of the clinical indicators! That is good to know. Now, I do not 
have to painstakingly compute the rates. I can ask for them from our ILTC-IS 
administrator.” (Participant C) 
The focus group participants further clarified that the main reason for the lack of 
access is the limited number of tokens that are available to use to access the 
ILTC-IS. Since tokens are expensive to acquire, the organization limited access to 
1 to 5 staff per organization. A participant expressed” 
 “To access the ILTC-IS, one must have a token.  We cannot afford to have all 




This chapter reported the results of the survey and focus group discussions on 
information-seeking paths of nurse administrators and the barriers and 
facilitators to their use of the ILTC-IS for public health practice. Only about 20 
(24%) of the participants seek information from the ILTC-IS to carry out the 
three core functions of public health, (a) needs assessment, (b) policy 
development, and (c) assurance through manpower planning. The main reasons 
for not using the ILTC-IS include (a) lack of access to the ILTC-IS; (b) using own 
in-house information system; (c) not a job expectation; (d) technical reasons; (e) 
concern over completeness and reliability of the information in ILTC-IS; and (f) 
other reasons.  
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Action research begins with the identification of areas to improve practice 
(Pickard, 2007).  This study was motivated by the aim to improve the public 
health practice of the ILTC nurse administrators through the enhancement of the 
public health nursing informatics and analytics function of the ILTC-IS. In order 
to identify the specific action areas that will be implemented by the investigator 
and the participants during Phase 2 of this action research, a baseline study to 
meet the following research objectives was carried out during Phase 1 of this 
action research: (a) To quantify the degree of use by the nurse administrators of 
the information contained in the ILTC-IS when they perform their public health 
functions of needs assessment, policy development, and assurance to protect the 
health and ensure the safety of the population of patients in the ILTC sector; and 
(b) To develop the regression models and to identify the predictors of the use of 
the  ILTC-IS  by  nurse administrators when carrying out needs assessment, 
policy development, and assurance to protect the health and ensure the safety of 
the population of patients in the ILTC sector.  
To meet the above research objectives, this present study sought to answer the 
following third research question: “To what degree do the nurse administrators 
use the ILTC-IS when they are carrying out their public health functions? What 
are the predictors of the use of ILTC-IS by nurse administrators when they are 
carrying out their public health functions of (a) needs assessment; (b) policy 
development; and (c) assurance to protect the health and ensure the safety of 
the population of patients in the ILTC sector?”. This chapter presents the results 
of the data analyses conducted to measure the degree of use of the ILTC-IS for 
public health practice; and to identify the predictors of the use of the ILTC-IS by 
nurse administrators for public health practiceFrom the information science 
perspective, it is posited that information systems would be most effective if 
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their design is informed by an understanding of the information behavior of 
their intended users (Fidel & Pejtersen, 2004). With regard to understanding the 
information behavior of users, considering the tasks that motivated the search 
for the information seems to be a necessary condition for explaining information 
searching, and by extension, for effective design of information systems 
(Vakkari, 2003). There is also a contention that an understanding of the context 
of information behavior (Ellis, 1986; Wilson, 1981, 1994, 1997, 2007) and the 
knowledge of the patterns of computer use in the context of nursing roles and 
task requirements will be useful in improving the technical features of 
computerized information systems to support the work processes of nurses 
(Ngin & Simms, 1996).   
The above arguments were supported by previous studies reviewed which guide 
the research objectives of this current action research.  To identify the areas for 
improvement of the ILTC-IS, this action research identified the predictors of the 
use of the ILTC-IS for public health practice by nurse administrators by 
investigating the information behavior of the nurse administrators in relation to 
their task execution of the three core functions of public health practice, namely:  




Based on previous findings, the current study hypothesized that the public 
health related information behavior of nurse administrators is determined by (a) 
the task they are expected to perform given their job role assignment; (b) their 
self-efficacy in terms of competence in public health nursing and public health 
informatics; (c) the characteristics of the organization they belong to, in terms of 
its maturity in healthcare analytics; and (d) the regulatory environment of the 
organization they belong to. Correspondingly, the following hypotheses were 





The public health related information behavior of nurse administrators is 
determined by the task they are expected to perform given their job role 
assignment. Financial planning and management skills are higher level public 
health roles which require statistical information for their effective execution. 
The ILTC-IS contains management information relevant to these senior 
management responsibilities.  In a study by Naranjo-Gil and Hartman (2007), 
Chief Executives were found to use both the clinical and financial aspects of the 
management information systems: clinical information for resource allocation 
and financial information for performance evaluation. Hence, this current study 
hypothesized that in view of the task requirements associated with the executive 
functions, ILTC nurse administrators who have an additional senior health care 
administration role (referred to as Group B Nurse Administrators from hereon in 
this thesis) will use the data and statistical information in the ILTC-IS to a greater 
extent for public health practice as compared to other nurse administrators whose 
administration responsibilities cover the nursing services only (referred to as 
Group A Nurse Administrators from hereon in this thesis) and nurses who fulfill 
other nursing administration related services (referred to as Group C Nurse 




The public health related information behavior of nurse administrators is 
determined by their self-efficacy in terms of competence in public health nursing 
and public health informatics; The COL core competencies of public health 
practice have been found to be predictive of the performance of public health 
practice (Mayer, 2003). Consistent with this result, this current study 
hypothesized that the higher the level of the public health nursing and public 
health informatics competency, the greater is the extent of use of the ILTC-IS for 
needs assessment, policy development and assurance by a nurse administrator, in 
order to protect the health and ensure the safety and quality of nursing care 





The public health related information behavior of nurse administrators is 
determined by the characteristics of the organization they belong to, in terms of 
its maturity in healthcare analytics. A higher level of maturity in healthcare 
business analytics indicates an organization that leverages on information for 
competitive advantage. In such organizations, data is made accessible for 
enterprise-wide perspective use to realize strategic and operational goals to 
grow their business and remain competitive (Davis et al., 2006). Hence, this 
study hypothesized that nurse administrators who belong to organizations who 
have developed at a higher level of maturity in healthcare analytics will use the 
data and statistical information in the ILTC-IS to a greater extent, as compared to 
another who belongs to an organization that is lesser developed in its healthcare 




The public health related information behavior of nurse administrators is 
determined by the regulatory environment of the organization they belong to. In 
2006, Nikoi (cited in Hepworth, 2007) highlighted the impact of local, national 
and international forces and how they affect information behavior. For example, 
Nikoi (2006) found out that non-governmental organizations changed their 
information gathering behavior to suit the preference of international donors for 
participative nature of development. In the United States of America, the federal 
legislation since 1965 led to the requirements of information reporting by public 
health agencies. Similarly, the US Medicare and Medicaid Programs required 
specific information for third-party payers and as Saba and Levine (1978) 
predicted, information requirements concerning improvement of health care 
delivery will increase alongside enactment and implementation of health 
legislation and reforms (Henry, 1995).   
 
In Singapore, the terms and conditions for organizations receiving public 
financing include monitoring and reporting of staffing levels and indicators for 
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program evaluation.  In view of this, there are additional requirements for public 
health related information from ILTC institutions receiving public funding as 
compared to those ILTC institutions not receiving public funding. Hence, this 
current study hypothesized that the nurse administrators who belong to the ILTC 
institutions receiving public funding will use the data and statistical information in 
the ILTC-IS to a greater extent as compared to another who belong to 
organizations not receiving any public funding. 
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Regression Model for Hypothesis Testing 
 
The following regression model was used to evaluate the above assumptions and 
hypotheses:  
 
Public Health Information Use Behavior = f (a, b, c, d +e) 
 
For the regression model specification above, the dependent variable, “public 
health information use behavior”,  is referred to as the outcome variable and the 
independent variables “a”, “b”, “c”, “d” are referred to as the predictor variables 
as per recommended practice (University of Indiana, n.d.). 
 
Measurement of the outcome variable 
The outcome variable, public health information use behavior, was measured 
using an ordinal scale (see Appendix E) that asked the ILTC nurses their extent 
of  use of the ILTC-IS for each of the following public health core functions: (a) 
needs assessment; (b) policy development; and (c) assurance. The ordinal 
response choices for the self-assessment were as follows: (1) “I do not use the 
data & statistics in the ILTC-IS at all”; (b) “I use the data & statistics in the ILTC-IS 
to a little extent”; (c) “I use the data & statistics in the ILTC-IS to some extent”; and 
(d) “I use the data & statistics in the ILTC-IS to a great extent”.   
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Psychometric Evaluation of the Outcome Measure 
 
Understanding how information searchers use information systems in relation 
to their task accomplishment will provide useful knowledge for designing 
information systems (Vakkari, 2003). In the present study, the outcome measure 
for the regression model is “information use behavior” and was measured as the 
extent of use of the data and statistics in the ILTC-IS by ILTC nurse 
administrators when performing the three core functions of public health. These 
findings can then be used as an input to the enhancement of the functions of the 
ILTC-IS to enable the public health practice of ILTC nurse administrators. 
This section presents the establishment of the face validity and test-retest 
agreement of the Use of ILTC-IS for Public Health Nursing Scale (see Appendix E)  
that was used to measure the outcome variable as follows: (a) use of ILTC-IS for 
needs assessment; (b) use of ILTC-IS for policy development; and (c) use of ILTC-
IS for assurance through manpower planning.  
 
Face validity of the use of ILTC-IS for Public Health Nursing 
(PHN) Scale  
The rating scale on the extent of use of the ILTC-IS for public health practice was 
included in Questionnaire 1: Characteristics of Participants, Type of Organization 
and Public Health Related Information Behavior of Nurse Administrators. The 
number of subject matter experts involved in the face validation of this 
questionnaire was three.  These include:  (a) a professor of public health nursing; 
(b) a senior registered nurse who has the relevant education and experience in 
the use of information technology to collect, store and manage data for clinical 
research and surveillance of clinical indicators; and (c) a statistician who has five 
years of experience in providing the statistical support for the generation and 
dissemination of statistical information, including clinical indicators, from large 
databases. A copy of the draft questionnaire was given to each of the experts for 
assessment of face validity. The questionnaire was edited based on the feedback 
from the experts. The Use of ILTC-IS for Public Health Nursing Rating Scale 
(Appendix E) was finalized after all three have affirmed the face validity of 
Questionnaire 1 and reached the consensus that the rating scale to measure the 
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extent of use of the ILTC-IS for the three core public health functions of (a) needs 
assessment; (b) policy development; and (c) assurance through manpower 
planning, are measuring what they intend to measure.  
 
Assessing the test-retest agreement of the use of ILTC-IS for 
PHN Scale 
In order to exclude instability in the measurement of the outcome variable as an 
alternative explanation for any change in the scores before and after the 
implementation of the action plans in the present action research cycle to 
enhance the information behavior of the ILTC nurse administrators, the test-
retest reliability (Sim & Wright, 2005) of the above rating scale was established 
as part of this present study.  
Since the outcome variable was measured using an ordinal scale, the agreement 
between the test and retest scores was assessed using the weighted kappa 
statistics (Cohen, 1960; Juul, 2006; Frank-Stromborg & Olsen, 2004). Agreement 
is the degree to which scores are identical (Kottner et al., 2011). In computing 
for kappa statistics of scales that are ordinal like the outcome variable for the 
regression model for this present study (i.e., extent of use of the ILTC-IS for 
public health nursing) it will be observed that some disagreements are larger 
than the others given the ordinal nature of the scale. Hence, weighted kappa is 
recommended for such scales because it also allows the assessment of the 
relative seriousness of disagreement among the scores. (Juul, 2006; Frank-
Stromborg & Olsen, 2004). In addition, weighted kappa controls for the amount 
of agreement that may have occurred by chance.  It is also to be noted that 
because the kappa statistics controls for the chance agreement, they are likely to 
be lower compared to other reliability estimates that do not control for chance 
agreement such as the percentage of agreement (Frank-Stromborg & Olsen, 
2004). When interpreting the weighted kappa statistics for assessing the 
stability of the test and retest scores, the following standards for strength of 
agreement for the kappa coefficient as proposed by Landis and Koch (1977) was 
used: (a) ≤ 0 = poor; (b) 0.01 - 0.20 = slight; (c) 0.21 - 0.40 = fair; (d) 0.41 - 0.60 = 
moderate; (e) 0.61 - 0.80 = substantial; and (f) 0.81 – 1.00 = almost perfect. 
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The test-retest reliability was analyzed using weighted kappa statistics for each 
of the item. Data were analyzed using STATA Version 11 (Statacorp, 2009). The 
weighted kappa statistics was used in assessing test-retest reliability given that 
the dependent variables were measured on an ordinal scale (Juul, 2006).  The 
results of the test-retest are as follows. 
 
Test-retest agreement: Use of ILTC-IS for needs assessment.  
The agreement between test and retest scores was 100%. The expected 
agreement was 90.3%.  The test-retest reliability of the outcome measure, extent 
of use of the data and statistics from the ILTC-IS for needs assessment was 
Kappa = 1 (p <.001), 95% CI [99.55, 100], indicating almost perfect agreement 
(Landis & Koch, 1977).  
 
Test-retest agreement: Use of ILTC-IS for policy 
development.  
The agreement between test and retest scores was 100%. The expected 
agreement was 89.51%.  The test-retest reliability of the outcome measure, 
extent of use of the data and statistics from the ILTC-IS for policy development 
was Kappa = 1 (p <.001), 95% CI [99.54, 100], indicating almost perfect 
agreement (Landis & Koch, 1977).  
 
Test-retest agreement: Use of ILTC-IS for assurance 
through manpower planning.  
The agreement between test and retest scores was 100%. The expected 
agreement was 90.03%.  The test-retest reliability of the outcome measure, 
extent of use of the data and statistics from the ILTC-IS for assurance through 
manpower planning was Kappa = 1 (p <.001), 95% [99.55, 100], indicating 
almost perfect agreement (Landis & Koch, 1977).  
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This section presented the establishment of the validity and test-retest 
agreement of the measurement scale for the dependent variable, extent of use of 
the ILTC-IS for the public health practice of ILTC nurse administrators. Three 
subject matter experts relevant to public health nursing and the use of data and 
statistical information from information systems participated in the face 
validation of the three questions for the outcome measures. All three experts 
affirmed the face validity of these outcome measures. The test-retest agreement 
of the Use of ILTC-IS for Public Health Nursing Scale was established to be 
almost perfect based on the weighted kappa that were estimated using the 19 
pairs of scores from the pilot participants. 
 
Measurement of the Predictor Variables 
 
The predictors of the use of the ILTC-IS for (a) needs assessment, (b) policy 
development and (c) assurance were measured as follows: 
a = the job role assignment of the study participant in their 
organization, i.e. 1 = Nurse Administrator only, 2 = Nurse 
Administrator plus  another health care administration role (e.g. 
Executive Director,  Chief Operations Officer, etc.); and 3 = Other 
nursing administration related roles (e.g. Nursing Officer, Nurse 
Educator, Nurse Clinician, Advanced Practice Nurse). 
b =  the level of  self-assessed public health practice competency using 
the Public Health Nursing Scale (PHNS) or its sub-set scale, the 
Public Health Informatics Scale for Effective Information Behavior 
(PHIS-EIB) that were developed as part of this study: Using these 
scales, the nurse administrators reported their level of competency 
for each competency item as follows: 0 = NA (“This skill is not 
applicable to my job”);  1 = None (“I am unaware, or have very little 
knowledge of the item”), 2 = Awareness (“I have heard of it; limited 
knowledge and/ or ability to apply the skill”), 3 = Knowledgeable  (“I 
am comfortable with the knowledge and ability to apply the skill”),  4 
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= Proficient (“I am very comfortable, an expert; I could teach this to 
others”). 
c = the characteristics of the organization in terms of its level of 
maturity in healthcare business analytics as measured by the 
Healthcare Analytics Maturity for Effective Nursing Administration 
Scale (HAMENA Scale) that was developed for this study. Using a 
Likert scale (“strongly disagree”, “disagree”, “neither agree nor 
disagree”, “agree”, “strongly agree”), the nurse administrators 
reported the degree of their organization’s development in terms of 
healthcare business analytics maturity against each item 
characterizing the organization. 
d = the regulatory environment of the organization where the nurse 
administrator is working. In this current study, this was 
operationally defined by the type of ownership and type of 
healthcare financing, i.e., 1 = voluntary organization not receiving 
public funding; 2 = voluntary organization receiving public funding; 
3 = private organization; and 4 = private organization with patients 
receiving public funding.  
e = random error 
The psychometric properties of the PHNS, PHIS-EIB and the HAMENA, including 
their test-retest reliability, have been established as part of this study and was 
discussed in Chapter 4 (Scale Development). 
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The Degree of Use of the ILTC-IS for Public Health 
Practice by ILTC Nurse Administrators 
 
Univariate analyses were carried out to describe the use of ILTC-IS by nurse 
administrators for public health practice. Data were analyzed using STATA 
Version 11 (Statacorp, 2009). The results of the analyses confirmed the practice 
problem that motivated the conduct of this action research. Currently, there is 
limited use of the ILTC-IS for public health practice by nurse administrators. 
Use of ILTC-IS for needs assessment 
The participants were asked, “Overall, to what degree do you use the data & 
statistics in the ILTC IS to assess the risks for falls, infections, pressure ulcers, 
scabies and hospitalization among the population of patients that your 
organization serves?” Table 21 presents the frequency distribution on the use of 
the ILTC-IS for needs assessment by nurse administrators. Of the 69 valid 
respondents, only 21 (30.4%) use the ILTC-IS for this purpose. 
 
Table 21: Degree of Use of the ILTC-IS for Needs 
Assessment 
Response Categories No. % Cumulative 
Percent 
I do not use the data & statistics from the ILTC 
IS at all   
48 69.6 69.6 
I use the data & statistics in the ILTC IS to a 
little extent 
9 13.0 82.6 
I use the data & statistics in the ILTC IS to some 
extent 
7 10.1 92.8 
I use data & statistics in the ILTC IS to a great 
extent 
 
5 7.2 100 
Total 69 100  
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Use of ILTC-IS for policy development 
The participants were asked, “Overall, to what degree do you use the data & 
statistics in the ILTC IS when evaluating and recommending policies and 
programmes to prevent the occurrence of falls, infections, pressure ulcers, scabies 
and unplanned hospitalization among the population of patients that your 
organization serves?” Table 22 presents the frequency distribution on the use of 
the ILTC-IS for policy development by nurse administrators. Of the 61 valid 
respondents, only 11 (18%) use the ILTC-IS for this purpose. 
 
Table 22: Degree of Use of the ILTC-IS for Policy 
Development 
Response Categories No. % Cumulative 
Percent 
I do not use the data & statistics from the ILTC 
IS at all   
50 82 82.0 
I use the data & statistics in the ILTC IS to a 
little extent 
3 4.9 86.9 
I use the data & statistics in the ILTC IS to some 
extent 
5 8.2 95.1 
I use data & statistics in the ILTC IS to a great 
extent 
 
3 4.9 100 




Use of ILTC-IS for assurance 
The participants were asked, “Overall, to what degree do you use the data & 
statistics in the ILTC IS when carrying out manpower planning?” Table 23 
presents the frequency distribution on the use of the ILTC-IS for assurance 
through manpower planning by nurse administrators. Of the 65 valid 
respondents, only 8 (12.3%) use the ILTC-IS for this purpose. 
  
Table 23: Degree of Use of the ILTC-IS For Assurance 
through Manpower Planning 
Response Categories No. % Cumulative 
Percent 
I do not use the data & statistics from the ILTC 
IS at all   
57 87.7 87.7 
I use the data & statistics in the ILTC IS to a 
little extent 
3 4.6 92.3 
I use the data & statistics in the ILTC IS to some 
extent 
1 1.5 93.8 
I use data & statistics in the ILTC IS to a great 
extent 
 
4 6.2 100 




Evaluation of  the Association Between Each 
Predictor and the Outcome Variable 
 
Using bivariate ordinal regression technique, the following analyses were 
conducted to explore the association between the ordinal outcome, “extent of 
use of the ILTC-IS” for public health nursing practice, namely: (a) needs 
assessment; (b) policy development; and (c) assurance, with each of the 
explanatory variables: (a) job role; (b) public health nursing competency; (c) 
public health informatics competency; and (d) healthcare business analytics 
maturity of the organization. In addition, the Chi-square test was performed to 
test whether there is a statistical difference in the use of ILTC-IS for needs 
assessment, policy development and assurance based on the financing type of 
the organization. Data were analyzed using STATA Version 11 (Statacorp, 2009). 
The association between job role of the nurse 
administrator and the use of ILTC-IS 
Many studies attribute significant variability in information behavior to 
differences in professional domains or work roles (Courtright, 2007).  In this 
present study, there were three groups of nurse administrators whose 
information behavior were studied: (a) nurses who are administrators/ 
directors/ managers of nursing service only (i.e.,  Group A Nurse 
Administrators); (b)  nurses who are  administrators/ directors/ managers of 
nursing service plus other health care administration role (s) such as Executive 
Director, Deputy Executive Director, Operations, Manager, Human Resource 
Manager, etc. (i.e., Group B Nurse Administrators); and (c)  nurses who carry out 
the execution of the other nursing administration functions such as Nurse 
Educators, Nurse Clinicians and Advanced Practice Nurse, etc. (i.e.,  Group C 
Nurse Administrators ). 
The rationale for investigating task-based information behavior involves the 
phenomenon that individuals use information systems to find information that 
helps them carry out their daily tasks (Vakkari, 2003).  Ngin and Simms (1996) 
who studied the use of computerized information system by nurse managers and 
staff nurses concluded that the differences in the frequency of use of information 
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systems among nurse managers and staff nurses may be explained by the 
differences in their nursing roles and responsibilities. These results are 
consistent with previous studies describing information behavior as task-based 
and job role related (Wilson, 1981; Vakkari, 2003). Based on the findings of 
previous studies, in this current study,  it was hypothesized that Group B nurse 
administrators will use the ILTC-IS more frequently for public health practice as 
compared to Groups A and C nurse administrators. The results of the bivariate 
ordinal regression analyses that were carried out to gain knowledge on the 
extent of use of the ILTC-IS for public health practice among the nurse 
administrators based on their job roles are as follows. 
 
Needs assessment 
In terms of the use of ILTC-IS for the public health function of needs assessment, 
the bivariate ordinal regression analyses showed that as compared to Group A 
nurse administrators, the odds of using the ILTC-IS “to a great extent” versus the 
combined categories of “to some extent” “to a little extent”, and “do not use at all” 
is 3.7 higher among Group B nurse administrators. This difference in the odds is 
statistically significant at 5% alpha (p= 03); 95% CIs [1.081, 12.94]. 
The odds of using the ILTC-IS “to a great extent” versus the combined categories 
of “to some extent” “to a little extent”, and “do not use at all” is 1.05 higher, 95% 
CIs [.29 - 3.76], among Group C nurse administrators as compared to Group A 
nurse administrators. However, there is no statistical difference at 5% alpha (p = 
.939) among Groups A and C nurse administrators in their extent of use of the 
ILTC-IS for needs assessment.  
 
Policy development 
In terms of the use of ILTC-IS for the public health function of policy 
development, as compared to Group A nurse administrators, the bivariate 
ordinal regression analyses showed that the odds of using the ILTC-IS “to a great 
extent” versus the combined categories of “to some extent” “to a little extent”, and 
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“do not use at all” is 30.9 higher, 95% CIs [3.10 - 307.47], among Group B nurses. 
This difference in the odds is statistically significant at 5% alpha (p =. 003). 
The odds of using the ILTC-IS “to a great extent” versus the combined categories 
of “to some extent” “to a little extent”, and “do not use at all” is 6.02 higher, 95% 
CIs [.621 - 58.41], among Group C nurse administrators as compared to Group A 
nurse administrators. However, there is no statistical difference at 5% alpha (p = 
.121) among Groups A and C nurse administrators in their extent of use of the 
ILTC-IS for policy development.   
 
Assurance 
In terms of the use of ILTC-IS for the public health function of assurance through 
manpower planning, as compared to Group A nurse administrators, the bivariate 
ordinal regression analyses showed that the odds of using the ILTC-IS “to a great 
extent” versus the combined categories of “to some extent” “to a little extent”, and 
“do not use at all” is 15.66 higher, 95% CIs [1.6, 152.42] among Group B nurse 
administrators. This difference in the odds is statistically significant at 5% alpha 
(p = .018).  The odds of using the ILTC-IS “to a great extent” versus the combined 
categories of “to some extent” “to a little extent”, and “do not use at all” is 2.62 
higher, 95% CIs [2.22, 30.97], among Group C nurse administrators as compared 
Group A nurse administrators. However, there is no statistical difference at 5% 
alpha (p = .444) among Groups A and C nurse administrators in their extent of 
use of the ILTC-IS for assurance through manpower planning.  
 
The association between competence in public health 
nursing and the use of ILTC-IS for public health nursing 
practice  
Although modest, the bivariate ordinal regression analyses showed evidence 
that higher levels of public health nursing competence significantly increase the 
use of ILTC IS for public health practice. For a one unit increase in the public 
health nursing competency score, (a) for needs assessment, the odds for using 
the ILTC-IS to a greater extent (as compared to “to some extent”,  “to a little 
extent”, and “not at all”) is 1.011 greater  (95% CIs [ .9997, 1.0229] ) and 
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borderline statistically significant at 5% alpha (p = .056) ; (b) for policy 
development, the odds for using the ILTC-IS to a greater extent (as compared to 
“to some extent”,  “to a little extent”, and “not at all”) is  1.016 greater  (95%CIs 
[1.156, 7.051]) and borderline statistically significant at 5% alpha (p value = 
.062); and  for assurance, the odds for using the ILTC-IS to a greater extent (as 
compared to “to some extent”,  “to a little extent”, and “not at all”) is 1.02  greater 
( 95% CIs [1.005, 1.045]) and is statistically significant at 5 % alpha (p value = 
.016)  . 
 
The association between competence in public health 
informatics and the use of ILTC-IS for public health 
nursing practice  
The association between the use of ILTC IS for public health nursing practice and 
the public health informatics skills also showed similar results. The empirical 
results showed that higher levels of public health informatics skills significantly 
increase the use of ILTC-IS for public health practice. The bivariate ordinal 
regression analysis showed that for a one unit increase in the public health 
informatics competency score, (a) for needs assessment, the odds for using the 
ILTC-IS to a greater extent (as compared to “to some extent”,  “to a little extent”, 
and “not at all”) is  1.023 greater  ( 95% CIs [ 1.002, 1.046] ) and statistically 
significant at 5% alpha (p = .048); (b) for policy development,  the odds for using 
the ILTC-IS to a greater extent (as compared to “to some extent”,  “to a little 
extent”, and “not at all”) for policy development  is  1.040 greater  (95%CIs 
[1.005, 1.0756]) and statistically significant at 5% alpha (p value = .024); and for 
assurance, the odds for using the ILTC-IS to a greater extent (as compared to “to 
some extent”,  “to a little extent”, and “not at all”) for assurance  is  1.06 greater  
(95%CIs [1.017, 1.105]) and statistically significant at 5% alpha (p value = .006). 
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The association between healthcare analytics maturity 
and the use of ILTC-IS for public health nursing practice 
Similarly, although modest, the bivariate ordinal regression analyses showed 
that higher levels of organizational maturity in healthcare analytics are 
associated with more frequent use of the ILTC-IS for needs assessment, policy 
development and assurance. However the observed associations were not 
statistically significant at 5% alpha.  For a one unit increase in the healthcare 
analytics maturity score, (a) for needs assessment, the odds for using the ILTC-IS 
to a greater extent (as compared to “to some extent”,  “to a little extent”, and “not 
at all”) is  1.004 (p value = 0.573) greater  ( 95% CIs [.991, 1.016] ); (b) for policy 
development,  the odds for using the ILTC-IS to a greater extent (as compared to 
“to some extent”,  “to a little extent”, and “not at all”) for policy development  is  
1.014 (p value = .191) greater (95%CIs [1.017, 1.105]); and for assurance, the 
odds for using the ILTC-IS to a greater extent (as compared to “to some extent”,  
“to a little extent”, and “not at all”) is 1.006 (p value = .548) greater  (95%CIs 
[.987, 1. 024]) .  
 
The association between type of organization and the use 
of ILTC-IS for public health nursing practice 
There were 63 valid respondents for the question relating to type of 
organization and the use of the ILTC-IS for public health practice:  (a) 5 
respondents were from voluntary welfare organizations whose patients are not 
receiving public financing; (b) 46 respondents were from voluntary organization 
whose patients are receiving public financing; and (c) 12 respondents are from 
private organizations that cater to both private patients and patients receiving 
public financing. There were no respondents from the organizations that are 
catering solely to private patients. The Chi square test was performed to 
determine whether the respondents differ in their use of the ILTC-IS for public 
health practice based on the type of the organization they belong to. The results 
show that when using the ILTC-IS for public health practice, the three groups of 
respondents do not differ statistically at 5% alpha:  (a) for needs assessment, the 
χ2 was 3.2629 (p = 0.775); (b) for policy development, the χ2 was 4.5447 (p = 
0.603); and (c) for assurance the χ2 was 2.0243 (p = 0.917).  The data from this 
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sample of respondents did not support the hypothesis that the type of 
organization is a predictor of the use of the ILTC-IS for public health practice. 
This may be due to the lack of variability among the participants in this aspect, 
given that they all came from organizations whose regulatory requirements are 
fairly much the same given that they receive financing through public funding 
and charities. There were no participants from the private sector whose 
regulatory requirements exclude those related to financing of services through 
charity or public financing. The results of the multivariate analyses also showed 
that there is no significant variability among the respondents in terms of the 
type of organization they belong to. 
 
Predictors of the Use of ILTC-IS for Public Health 
Nursing Practice by ILTC Nurse Administrators 
 
The bivariate ordinal regression analyses showed job role and  public health 
informatics competency as a significant predictor of the use of ILTC-IS  by nurse 
administrators for all the three core functions of public health practice, i.e., 
needs assessment, policy development and assurance. The results of the 
bivariate ordinal regression analyses also indicated public health nursing 
competency as a significant predictor for the use of ILTC-IS by nurse 
administrator for the core function of assurance and borderline significant 
predictor for their use of ILTC-IS for needs assessment and policy development. 
The healthcare business analytics maturity of the organization as measured by 
the total score in the HAMENA Scale was not found to be a significant predictor. 
Based on the results of the preceding bivariate ordinal regression analysis, the 
use of the ILTC-IS for the performance of each of the core functions of public 
health to protect health and ensure the safety and quality of patient care, i.e., 
needs assessment: (a) job role; and (b) public health informatics competency. In 
building the final regression model to explain the use of the ILTC-IS by the nurse 
administrators,  the predictor competence in public health nursing as measured 
by the total score in PHNS was removed in favor of the public health informatics 
competency as measured by the PHIS-EIB. The two scales are not mutually 
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exclusive because the PHI Scale includes items from the PHN Scale.  The more 
specific competence in public health informatics as measured by the PHIS-EIB 
was chosen to be included in the final model instead of the more general 
competence in public health nursing as measured by the PHN Scale because it 
has a larger effect size and found to be a consistent significant predictor of the 
use of the ILTC-IS for all the three aspects of public health practice at 5% alpha.  
 In addition to job role and public health informatics skills, eight other predictors 
consisting of the eight sub-domains of the HAMENA Scale was included in the 
model to explore whether any of the items is a significant predictor although the 
total score was found not to be a significant predictor. This decision to include 
the sub-domains was based on the review of theoretical and empirical literature 
which indicated that organizational context influence information behavior and 
the use of information systems. “Without a clear understanding of, and ability to, 
manage organizational factors, it is unlikely that informatics application will 
realize their potential in the health sector” (Brear, 2006, p.411). 
For the same reason, although type of organization by regulatory type is not 
found to be statistically significant by bivariate analyses, this predictor was also 
included in the final models. The inclusion of organizational type will also allow 
for the models to estimate the independent effects of the other predictors on the 
outcome variable after adjusting for organizational type.  
For the multivariate analyses, the final ordinal regression models include 10 
predictors. The sample sizes based on complete data for the outcome variable 
and the 10 predictors were as follows: (a) 65 for the ordinal regression model 
for the use of ILTC-IS for needs assessment (Table 24); (b) 57 for the ordinal 
regression model for the use of the ILTC-IS for policy development (Table 26); 
and (c) 61 for the ordinal regression model for the use of the ILTC-IS for 
assurance (Table 28). Except for the ordinal regression model for policy 
development which was 3 less than 60, these sample sizes were sufficient to 
achieve a statistical power of 0.8 for a large effect since it met the minimum 
sample size of 60 for a large effect (Field, 2005). 
The result of the ordinal regression models using the full set of ten predictors 
are presented and discussed after the following section that covers the criteria 
for evaluating the final regression models. 
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Overall model evaluation (Model Fitting Information) 
Ordinal regression models were constructed to model the use of the ILTC-IS for 
the public health practice of nurse administrators when they are carrying out the 
following three core functions of their public health practice: (a) needs 
assessment; (b) policy development; and (c) assurance. The ordinal regression 
techniques were performed because this analytical technique permits the 
identification of the determinants of the public health related information 
behavior of nurse administrators and it also permits the estimation of the 
magnitude of the effect of the explanatory variables on the outcome variable. 
Since such information were required in identifying areas for improvement and 
prioritizing the action items for the action phase of this research, it was 
necessary that the regression models developed were evaluated for 
appropriateness for use by examining the following evaluation criteria: (a) 
model fitting information; (b) goodness-of-fit; and (c) test of parallel lines.  
An ordinal regression model is a modification of the logistic regression model 
that incorporates the ordinal nature of the dependent variable. A logistic 
regression model provides a better fit to the data if it demonstrates an 
improvement over the intercept-only model (Peng, Lee & Ingersoll, 2002). 
Before proceeding to examine the coefficients of the predictor variables (i.e., job 
role; public health competency or public health informatics competency; 
healthcare analytics maturity of the organization; and the regulatory 
environment of the organization), there is a need to evaluate whether the null 
hypothesis that the model without predictors is as good as the model with the 
predictors. The null hypothesis is that the entire regression coefficient in the 
model is equal to zero. This evaluation was carried out by examining the 
statistical significance of the chi-square statistics of the change in the -2 log 
likelihood when the predictor variables are added to a model that contains only 
the intercept. This change in likelihood function has a chi-square distribution 
even when there are cells with small observed and predicted counts.  The p-
value is compared to a specified alpha level, which indicates the willingness to 
accept a type I error. A significant chi-square statistics indicates that at least one 
of the regression coefficients in the model is not equal to zero, hence, the null 
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hypotheses that the model without predictors is as good as the model with the 
predictors can be rejected. (Institute for Digital Research and Education, UCLA, 
n.d.) 
Goodness-of-fit Test.  
Goodness-of-fit statistics assess the fit of the logistic model against actual 
outcomes (in this study, the extent of use of the ILTC-IS for public health 
practice). The goodness-of-fit test used in this study is the Hosmer-Lemeshow 
(H-L) test which test the null hypothesis of a good model fit to data. A 
statistically insignificant result indicates a good model fit (Peng, Lee & Ingersoll, 
2002). 
Testing for the assumption of parallel lines  
The application of ordinal regression method depends on the measurement scale 
(i.e., the response variable should be in ordinal scale); and the validity of the 
model assumptions. “It is implausible to assume the normality and homogeneity 
of variance for ordered categorical outcome when the ordinal outcomes, 
contains merely a small number of discrete categories. Thus, the ordinal 
regression model becomes a preferable modeling tool that does not assume the 
normality and constant variance, but require the assumption of parallel lines 
across all levels of categorical outcome.” (Chen & Hughes, Jr., 2004, p. 2). 
However, for ordinal regression models, there is a need to test the assumption 
that the regression coefficients are the same for all the response categories by 
carrying out the test of parallelism. The null hypothesis for this test states that 
the location parameters (i.e., the slope coefficients) are the same across the 
response categories. An insignificant chi-square statistics indicate that the null 
hypothesis holds. In other words, a significant test statistic provides evidence 
that the parallel regression assumption has been violated (Institute for Digital 
Research and Education, UCLA, n.d.) 
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Predictors of the Use of ILTC-IS for Needs Assessment 
 
Table 24 presents the result of the ordinal regression model to identify the 
predictors of the use of ILTC-IS for needs assessment by the ILTC nurse 
administrators.  The model is not significant at 5% alpha. Table 25 below 
presents the indices for the evaluation of the above ordinal regression model.  
 
Table 24: Ordinal Regression Model: Use of the ILTC-Is For 
Needs Assessment 
Predictor Coefficient SE z p OR 95% CI 
Job Roles 
Reference group are members of Group A which include nurses who are administrators/ 
directors/ managers of nursing services only. Group B include nurses who fulfill other 
healthcare administration roles such as Executive Directors/ Deputy Executive Directors/ 
Operations Manager/ Human Resource Manager in addition to being the head of the 
nursing services. Group C are nurses who perform other nursing administration roles such 
as the Nurse Educators, Nurse Clinician, Advanced Practice Nurse, Diabetes Nurse Educator, 
Wound Nurse, etc. 
Group B NAs 1.79 0.92 1.94 0.052* 
(borderline) 
5.97 0.98 36.24 
Group C NAs -1.10 0.76 -0.14 0.892 0.90 0.21 – 3.98 
Predictor Coefficient SE z p OR 95% CI 
Type of Organization 
Reference group: VWO- Not funded  
VWO-Funded 0.37 1.28 0.29 0.772 1.45 0.12 – 17.77 
Portable Subsidy 1.06 1.42 0.75 0.455 2.88 0.18 – 46.49 
Predictor Coefficient SE z p OR 95% CI 
Public Health Informatics Competency 
PHI Scale Total 
Score 
0.01 0.02 0.68 0.497 1.01 0.98 – 1.04 
Predictor Coefficient SE z p OR 95% CI 





-0.06 0.03 -1.84 0.066* 
(borderline) 
0.94 0.89 – 1.00 
2. Knowledge 
Processes 
0.13 0.05 2.45 0.014* 1.14 1.03 – 1.27 
3. Availability of 
Computerized 
Databases to Store 
Data 
 
-0.01 0.05 -0.09 0.929 1.00 0.90 – 1.11 
4. Availability of 
Technology & Data 




0.10 0.07 1.49 0.136 1.11 0.97 – 1.27 
5. Access to Data & 
Statistical Reports 
-0.04 0.06 -0.64 0.523 0.96  0.86 – 1.08 
6. Data 
Governance 
0.05 0.12 0.47 0.639 1.06 0.84 – 1.33 
7. Knowledge 
Workers 
-0.11 0.19 -0.59 0.553 0.89 0.62 – 1.29 
Note : N = 65; Prob >  χ2 = 0.0901; Pseudo R2 = .1494; *p <.05 ; ** p <.01  
 
Table 25: Model Evaluation of the Ordinal Regression Model 
of the Use of ILTC-IS For Needs Assessment 
Test χ2 df p 
Model Fitting 
Information 




207.231 180 0.80 
Goodness-of-fit  
(Deviance) 
107.840 180 1.00 
Test of Parallel  
Lines 
107.840 24 <.001 
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The test of parallel lines is significant, suggesting that the proportional odds 
assumption did not hold and indicates that the slope coefficients are not the 
same across the response categories of the outcome variables (Institute for 
Digital Research & Education, UCLA). The model fitting information indicates 
that the overall model is significant at 10% alpha and the goodness-of-fit tests 
were insignificant, suggesting that the model was fit to the data well (Peng, Lee, 
& Ingersoll, 2002). The model is still able to identify the significant individual 
predictors, however, it cannot be concluded that the ordered slope coefficients 
are equal across the levels of the outcome variable given that the assumption of 
parallel lines did not hold. Based on the above ordinal regression model, at 5% 
alpha there are 2 significant predictors of the use of ILTC-IS for needs 
assessment by the ILTC nurse administrators: (a) the job role of the nurse 
administrator which was borderline significant (p = .052); and (b) the 
knowledge processes of the organization (p =.014).  
 
Job role as a predictor of the use Of ILTC-IS for needs 
assessment 
 With regard to the effect of job role as a predictor of the use of the ILTC-IS for 
needs assessment in order to protect the health and ensure the safety of the 
population of ILTC patients, the above model shows that Group B nurses are 
more likely to use the ILTC-IS to a greater extent as compared to Group A 
Nurses. However, there is no statistical difference in the use of ILTC-IS for needs 
assessment among Group A and Group C nurses.  
As compared to Group A nurse administrators, the odds of using the ILTC-IS for 
needs assessment “to a great extent” versus the combined categories of “to some 
extent” “to a little extent”, and “do not use at all” is 5.97 higher (95% CIs [0.98, 
36.24]) among Group B nurse administrators given that all of the other variables 
in the model are held constant.  This difference in the odds, is borderline 
statistically significant at 5% alpha (p= 0.052). However, since the test of parallel 
lines is statistically significant, the magnitude of effect of the predictor, job role 
to the use of ILTC-IS for needs assessment cannot be concluded as being the 
same across the response categories of the outcome variable. 
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Knowledge processes of the organization as a predictor of the 
use of ILTC-IS for needs assessment 
With regard to the effect of knowledge processes as a predictor of the use of 
ILTC-IS for needs assessment, the above model show that participants with 
higher score in this sub-domain of HAMENA Scale are more likely to use the 
ILTC-IS to a greater extent as compared to the participants with lower scores. 
For every one unit increase in the knowledge process score (i.e., for every 
additional point on the knowledge processes sub-domain), the model predicts 
0.13 increase (95% CIs [.03, 0.23]) in the log-odds of the use of the ILTC-IS for 
needs assessment to a great extent, as compared to lesser extents, given that all 
of the other variables in the model are held constant. Expressed in terms of odds 
ratio, the odds of using the ILTC-IS for needs assessment “to a great extent” 
versus the combined categories of “to some extent” “to a little extent”, and “do not 
use at all” is 1.14 higher (95% CIs [1.03, 1.27]) for a one unit increase in the 
score in the knowledge processes sub-domain of the HAMENA Scale, given that 
all of the other variables in the model are held constant.  This difference in the 
odds, is statistically significant at 5% alpha (p= 0.014). However, since the test of 
parallel lines is statistically significant, the magnitude of effect of the predictor, 
knowledge processes to the use of ILTC-IS for needs assessment cannot be 
concluded as being the same across the response categories of the outcome 
variable. 
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Predictors of the Use of ILTC-IS for Policy 
Development 
 
Table 26 presents the result of the ordinal regression model to identify the 
predictors of the use of ILTC-IS for policy development by the ILTC nurse 
administrators.  The model is significant at 5% alpha. Table 27 below presents 
the indices for the evaluation of the above ordinal regression model.  
 
Table 26: Ordinal Regression Model:  Use of the ILTC-IS for  Policy 
Development 
Predictor Coefficient SE z p OR 95% CI 
Job Roles 
Reference group are members of Group A which include nurses who are administrators/ directors/ 
managers of nursing services only. Group B include nurses who fulfill other healthcare administration 
roles such as Executive Directors/ Deputy Executive Directors/ Operations Manager/ Human 
Resource Manager in addition to being the head of the nursing services. Group C are nurses who 
perform other nursing administration roles such as the Nurse Educators, Nurse Clinician, Advanced 
Practice Nurse, Diabetes Nurse Educator, Wound Nurse, etc. 
Group B NAs 3.24 1.43 2.28 0.023* 25.78 1.58 – 
421.87 
Group C NAs 1.61 1.32 1.21 0.225 4.99 0.37 – 
66.72 
Predictor Coefficient SE z p OR 95% CI 
Type of Organization 
Reference group: VWO- Not funded  
VWO-Funded 17.30 3577.064 0.00 0.996 3.26e+07 0 
Portable Subsidy 16.80 3577.064 0.00 0.996 1.98e+07 0 
Predictor Coefficient SE z p OR 95% CI 
Public Health Informatics Competency 
PHI Scale Total Score 0.03 .03 0.92 0.358 1.03 0.97 – 1.08 
Predictor Coefficient SE z p OR 95% CI 





-0.05 0.05 -0.92 0.358 0.96 0.97 – 1.08 
2. Knowledge 
Processes 
0.13 0.06 2.20 0.028* 1.14 1.02 – 1.28 
3. Availability of 
Computerized 
Databases to Store 
Data 
0.06 0.09 0.64 0.520 1.06 0.88 – 1.27 
4. Availability of 





0.04 0.10 0.43 0.671 1.04 0.86 – 1.27 
5. Access to Data & 
Statistical Reports 
-0.03 0.09 -0.36 0.720 0.97 0.81 – 1.15 
6. Data Governance 0.17 0.20 0.84 0.400 1.18 0.80 – 1.73 
7. Knowledge 
Workers 
-0.05 0.30 -0.18 0.861 0.95 0.53 – 1.71 
Note : N = 57; Prob >  χ2 = 0.0325; Pseudo R2 = .2832; *p <.05 ; ** p <.01  
 
 
Table 27: Model Evaluation of The Ordinal Regression 
Model For The Use Of The ILTC-IS For Policy Development 
Test χ2 df p 
Model Fitting 
Information 
24.094 12 0.02 
Goodness-of-fit  
(Pearson) 
93.260 168 1.000 
Goodness-of-fit  
(Deviance) 
38.889 168 1.000 
Test of Parallel 
Lines  
8.370 24 .998 
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The test of parallel lines is insignificant, suggesting that the proportional odds 
assumption holds and indicates that the slope coefficients are the same across 
the response categories of the outcome variable. The model fitting information is 
statistically significant, indicating that at least one of the regression coefficients 
in the model is not equal to zero (Institute for Digital Research & Education, 
UCLA, n.d.). In addition, the goodness-of-fit tests were insignificant, suggesting 
that the model was fit to the data well (Peng, Lee, & Ingersoll, 2002). Based on 
the above ordinal regression model, at 5% alpha, there are 2 significant 
predictors of the use of ILTC-IS for policy development by the ILTC nurse 
administrators as was the case for needs assessment: (a) the job role of the 
nurse administrator (p = .023); and (b) the knowledge processes of the 
organization (p =.028).  
 
Job role as a predictor of the use Of the ILTC-IS for policy 
development 
With regard to the effect of job role as a predictor of the use of the ILTC-IS for 
policy development in order to protect the health and ensure the safety of the 
population of ILTC patients, the above model show that Group B nurses are more 
likely to use the ILTC-IS to a greater extent as compared to Group A Nurses. 
However, as in the use of the ILTC-IS for needs assessment, there is no statistical 
difference in the use of ILTC-IS for policy development among Group A and 
Group C nurses. As compared to Group A nurse administrators, the odds of using 
the ILTC-IS for policy development “to a great extent” versus the combined 
categories of “to some extent” “to a little extent”, and “do not use at all” is 25.78 
higher (95% CIs [1.58, 421.87]) among Group B nurse administrators given that 
all of the other variables in the model are held constant.  This difference in the 
odds, is statistically significant at 5% alpha (p= 0.023).  
Since the test of parallel lines is statistically insignificant, the magnitude of effect 
of the predictor, job role to the use of ILTC-IS for needs assessment can be 
concluded as being the same across the response categories of the outcome 
variable. Hence, compared to Group A nurse administrators, the odds of using 
the ILTC-IS for policy development “to some extent” versus the combined 
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categories of “to a little extent”, and “do not use at all” is 25.78 higher (95% CIs 
[1.58, 421.87]) among Group B nurse administrators given that all of the other 
variables in the model are held constant.  Also, compared to Group A nurse 
administrators, the odds of using the ILTC-IS for policy development “to a little 
extent” versus “do not use at all” is 25.78 higher (95% CIs [1.58, 421.87]) among 
Group B nurse administrators given that all of the other variables in the model 
are held constant.   
 
Knowledge processes of the organization as a predictor of the 
use of ILTC-IS for policy development 
With regard to the effect of knowledge processes as a predictor of the use of 
ILTC-IS for needs assessment, the above model show that participants with 
higher score in this sub-domain of HAMENA Scale are more likely to use the 
ILTC-IS to a greater extent as compared to the participants with lower scores. 
For every one unit increase in the knowledge process score (i.e., for every 
additional point on the knowledge processes sub-domain), the model predicts 
0.13 increase (95% CIs [.01, 0.25]) in the log-odds of the use of the ILTC-IS for 
policy development to a great extent, as compared to lesser extents, given that 
all of the other variables in the model are held constant. Expressed in terms of 
odds ratio, the odds of using the ILTC-IS “to a great extent” versus the combined 
categories of “to some extent” “to a little extent”, and “do not use at all” is 1.14 
higher (95% CIs [1.02, 1.28]) for a one unit increase in the score in the 
knowledge processes sub-domain of the HAMENA Scale, given that all of the 
other variables in the model are held constant.  This difference in the odds, is 
statistically significant at 5% alpha (p= 0.028).  
Since the test of parallel lines is statistically insignificant, the magnitude of effect 
of the predictor, knowledge process to the use of ILTC-IS for needs assessment is 
the same across the response categories of the outcome variable. Hence, the 
odds of using the ILTC-IS “to some extent” versus the combined categories of “to 
a little extent”, and “do not use at all” is 1.14 higher (95% CIs [1.02, 1.28]) for a 
one unit increase in the score in the knowledge processes sub-domain of 
HAMENA given that all of the other variables in the model are held constant.  
Similarly, the odds of using the ILTC-IS “to a little extent” versus “do not use at 
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all” is 1.14 higher (95% CIs [1.02, 1.28]) for a one unit increase in the score in 
the knowledge processes sub-domain of the HAMENA Scale, given that all of the 
other variables in the model are held constant.   
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Predictors of the Use of ILTC-IS for Assurance 
 
Table 28 presents the result of the ordinal regression model to identify the 
predictors of the use of ILTC-IS for assurance by the ILTC nurse administrators.  
The model is significant at 5% alpha. Table 29below presents the indices for the 
evaluation of the above ordinal regression model. 
 
Table 28: Ordinal Regression Model : Use Of The ILTC-IS For  
Assurance 
 Coefficient SE z p OR 95% CI 
Job Roles 
Reference group are members of Group A which include nurses who are administrators/ directors/ 
managers of nursing services only. Group B include nurses who fulfill other healthcare 
administration roles such as Executive Directors/ Deputy Executive Directors/ Operations Manager/ 
Human Resource Manager in addition to being the head of the nursing services. Group C are nurses 
who perform other nursing administration roles such as the Nurse Educators, Nurse Clinician, 
Advanced Practice Nurse, Diabetes Nurse Educator, Wound Nurse, etc. 
Group B NAs 2.09 1.60 1.30 0.193 8.06 0.35 – 
186.54 
Group C NAs 1.27 1.77 0.72 0.474 3.56 0.11 – 
114.47 
 Coefficient SE z p OR 95% CI 
Type of Organization 
Reference group: VWO- Not funded  
VWO-Funded 13.64 2715.85 0.01 0.996 839124.7 0 
Portable Subsidy 12.27 2715.85 0.00 0.996 213121.6 0 
 Coefficient SE z p OR 95% CI 
Public Health Informatics Competency 
PHI Scale Total Score 0.07 0.03 2.14 0.032* 1.07 1.01 – 1.14 
 Coefficient SE z p OR 95% CI 
Healthcare Analytics Maturity Domains 






0.05 0.09 0.57 0.570 1.05 0.88 – 1.26 
3. Availability of 
Computerized 
Databases to Store 
Data 
 
- 0.21 0.10 -2.00 0.045* 0.81 0.66 –  1.00 
4. Availability of 
Technology & Data 




-0.14 0.13 -1.17 0.241 0.87 0.68 – 1.10 
5. Access to Data & 
Statistical Reports 
0.03 0.14 0.24 0.812 1.04 0.78 – 1.37 
6. Data Governance -0.15 0.26 -0.55 0.584 0.87 0.52 – 1.45 
7. Knowledge 
Workers 
0.06 0.31 0.19 0.849 1.06 0.57 – 1.97 
Note : N = 61; Prob >  χ2 = 0.0197; Pseudo R2 = .3825;  *p <.05 ** ; p <.01  
 
Table 29: Model Evaluation for the Ordinal Regression 
Model of the Use Of ILTC-IS for Assurance 
Test χ2 df p 
Model Fitting 
Information 








38.899 168 1.000 
Test of Parallel 
Lines  
30.169 24 0.998 
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As in the model for the use of ILTC-IS for policy development, the test of parallel 
lines is insignificant, suggesting that the proportional odds assumption holds 
and indicates that the slope coefficients are the same across the response 
categories of the outcome variable. The model fitting information is also 
statistically significant, indicating that at least one of the regression coefficients 
in the model is not equal to zero (Institute for Digital Research & Education, 
UCLA, n.d.). In addition, the goodness-of-fit tests were insignificant, suggesting 
that the model was fit to the data well (Peng, Lee, & Ingersoll, 2002). Based on 
the above ordinal regression model, at 5% alpha, there are 2 significant 
predictors of the use of ILTC-IS for assurance by the ILTC nurse administrators: 
(a) competency in public health informatics (p = .032); and (b) the availability of 
computerized databases to store data (p =.045). On the one hand, higher scores 
in the competency in public health informatics is predictive of greater frequency 
in the use of ILTC-IS for the public health function of assurance through 
manpower planning. On the other hand, higher scores in the availability of 
computerized databases to store data is predictive of lesser use of the ILTC-IS for 
the public health function of assurance through manpower planning. This 
finding is corroborated by the responses to the qualitative aspects of the 
questionnaire and the focus group discussions. Participants that have a 
developed in-house computerized databases access their own systems when 
carrying out their public health functions. 
 
Public health informatics competency as a predictor of the use 
of ILTC-IS for assurance 
With regard to the effect of competency in public health informatics as a 
predictor of the use of ILTC-IS for assurance through manpower planning, the 
above model show that participants with higher scores  in public health 
informatics competency are more likely to use the ILTC-IS to a greater extent as 
compared to the participants with lower scores. For every one unit increase in 
the public health informatics score (i.e., for every additional point on the PHIS-
EIB), the model predicts 0.07 increase (95% CIs [.01, 0.13]) in the log-odds of the 
use of the ILTC-IS for assurance through manpower planning to a great extent, as 
compared to lesser extents, given that all of the other variables in the model are 
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held constant. Expressed in terms of odds ratio, the odds of using the ILTC-IS “to 
a great extent” versus the combined categories of “to some extent” “to a little 
extent”, and “do not use at all” is 1.07 higher (95% CIs [1.01, 1.14]) for a one unit 
increase in the score public health informatics competency, given that all of the 
other variables in the model are held constant.  This difference in the odds, is 
statistically significant at 5% alpha (p= 0.032).  
Since the test of parallel lines is statistically insignificant, the magnitude of effect 
of the predictor, competency in public health informatics to the use of ILTC-IS for 
assurance through manpower planning can be concluded as being the same 
across the response categories of the outcome variable. Hence, the odds of using 
the ILTC-IS for assurance through manpower planning “to some extent” versus 
the combined categories of “to a little extent”, and “do not use at all” is 1.07 
higher (95% CIs [1.01, 1.14]) for a one unit increase in the score in the public 
health informatics competency, given that all of the other variables in the model 
are held constant.  Similarly, the odds of using the ILTC-IS for assurance through 
manpower planning “to a little extent” versus “do not use at all” is 1.07 higher 
(95% CIs [1.01, 1.14]) for a one unit increase in the score the public health 
informatics competency, given that all of the other variables in the model are 
held constant.   
Availability of computerized databases to store data 
With regard to the effect of the availability of computerized databases (within 
the nurse administrator’s organization) to store data as a predictor of the use of 
ILTC- for assurance through manpower planning, the above model show that 
participants with higher scores in this domain are less likely to use the ILTC-IS to 
a greater extent as compared to the participants with lower scores. The odds of 
using the ILTC-IS for assurance through manpower planning “to a great extent” 
versus the combined categories of “to some extent” “to a little extent”, and “do not 
use at all” is 0.81 lower (95% CIs [0.66, 1.00]) for a one unit increase in the sub-
domain, “availability of computerized databases to store data” of the HAMENA 
Scale, given that all of the other variables in the model are held constant.  This 
difference in the odds is statistically significant at 5% alpha (p= 0.045).  
Since the test of parallel lines is statistically insignificant, the magnitude of effect 
of the predictor, “availability of computerized databases to store data” to the use 
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of ILTC-IS for needs assessment can be concluded as being the same across the 
response categories of the outcome variable. Hence, the odds of using the ILTC-
IS for assurance through manpower planning “to some extent” versus the 
combined categories of “to a little extent”, and “do not use at all” 0.81 lower (95% 
CIs [0.66, 1.00]) for a one unit increase in the score “availability of computerized 
databases to store data” sub-domain” of the HAMENA Scale, given that all of the 
other variables in the model are held constant.  Similarly, the odds of using the 
ILTC-IS for assurance through manpower planning “to a little extent” versus “do 
not use at all” is 0.81 lower (95% CIs [0.66, 1.00]) for a one unit increase in the 
score in “availability of computerized databases to store data” sub-domain” of the 
HAMENA Scale, given that all of the other variables in the model are held 
constant. 
 
Significant Predictors of the Use of ILTC-IS for Public 
Health Practice by ILTC Nurse Administrators 
 
Based on the three ordinal regression models (Tables 21, 23, & 25), there are 
four significant predictors of the use of the ILTC-IS for public health practice by 
the ILTC nurse administrators: (a) job role of the nurse administrator; (b) public 
health informatics competency; (c) knowledge processes of the organization; 
and (d) the availability of computerized databases to store data.  
For needs assessment, the significant predictors are job role and knowledge 
processes. Similarly, for policy development, the significant predictors are job 
role and knowledge processes. However, for assurance through manpower 
planning, the significant predictors are public health informatics competency 
and the availability of computerized databases to store data. 
Given these results, the relationship between public health competency and the 
subset skills set, public health informatics competency with job role was 
explored using analysis of variance technique (ANOVA) to gain further insights 
to the predictors of the use of ILTC-IS for public health practice and to guide the 
action planning for the Phase 2 of this action research.  
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Job role and public health nursing competency 
 Table 30 presents the descriptive statistics of the public health nursing 
competency scores of the three groups of the nurse administrators: 
 
Table 30: Descriptive Statistics : Public Health Nursing Competency 








Group A 34 153.47 43.92 7.53 138.15 168.80 70.00 261.00 
Group B 17 191.53 48.68 11.81 166.50 216.56 101.00 264.00 
Group C 21 151.03 43.95 9.59 131.02 171.03 24.00 209.00 
Total 72 161.74 47.48 5.60 150.59 172.90 24.00 264.00 
Note: Group A includes nurses who are administrators/ directors/ managers of nursing services only. 
Group B include nurses who fulfill other healthcare administration roles such as Executive Directors/ 
Deputy Executive Directors/ Operations Manager/ Human Resource Manager in addition to being the 
head of the nursing services. Group C are nurses who perform other nursing administration roles such as 
the Nurse Educators, Nurse Clinician, Advanced Practice Nurse, Diabetes Nurse Educator, Wound Nurse, 
etc.  
 
There was a statistically significant difference in the public health nursing 
competencies among the three groups of nurse administrators as determined by 




Table 31: ANOVA Table: Comparison of  the Public Health 











19821.266 2 9910.633 4.877 .010* 
Within 
Groups 
140205.085 69 2031.958   
Total  160026.351 71    
* p < .05 
  
A Tukey post-hoc test revealed that public health nursing competency is 
statistically higher at 5% alpha among Group B nurses as compared to Group  A 
nurses (p = .016)  and Group  C nurses (p = .02). However, there is no statistical 












 Job role and public health informatics competency 
Table 32 presents the descriptive statistics of the public health nursing 
informatics scores of the three groups of the nurse administrators. 
 
Table 32: Descriptive Statistics : Public Health Informatics 
Competency 








Group A 34 79.68 22.90 3.93 71.69 87.67 37.00 132.00 
Group B 17 101.37 24.90 6.04 88.57 114.18 54.00 148.00 
Group C 21 83.50 22.30 4.87 73.35 93.65 10.00 112.00 
Total 72 85.92 24.52 2.89 80.15 91.68 10.00 148.00 
Note: Group A includes nurses who are administrators/ directors/ managers of nursing services only. 
Group B include nurses who fulfill other healthcare administration roles such as Executive Directors/ 
Deputy Executive Directors/ Operations Manager/ Human Resource Manager in addition to being the 
head of the nursing services. Group C are nurses who perform other nursing administration roles such as 
the Nurse Educators, Nurse Clinician, Advanced Practice Nurse, Diabetes Nurse Educator, Wound Nurse, 
etc.  
 
There was a statistically significant difference in the public health informatics 
competencies among the three groups of nurse administrators as determined by 








Table 33: ANOVA Table: Comparison of the Public Health 

















37173.046 69 538.740 
    
Total  42680.669 71 
      
** p < .01 
A Tukey post-hoc test revealed that public health informatics competency is 
statistically higher at 5% alpha among  the Group B nurses as compared to 
Group  A nurses (p = .007)  and at alpha 10% as compared to Group  C nurses (p 
= .054). However, there is no statistical difference in public health informatics 
competency among Groups A and C nurses (p = .824) 
The result of the one-way ANOVA supports the multi-tiered definition of the 
level of public health nursing competency of public health nurses based on the 
job roles of the nurse administrators like the one that was released by the Quad 
Council during the summer of 2011.  In their revised version of the core 
competencies of the public health nurses, the Quad Council used the Council on 
Linkages (COL) 2010 document on the core competencies of public health 
professionals to determine how public health nurses should demonstrate the 
core competencies for public health professionals at three levels: (a) the basic or 
generalist level (Tier 1); the specialist of mid-level (Tier 2); and the executive 
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and/ or multi-systems level (Tier 3). The scope of the competencies for each tier 
as defined by the Quad Council (2011) is as follows.  
Tier 1 Core Competencies of Public Health Nursing.  
These competencies apply to generalist public health nurses who carry 
out day-to-day functions in state and local public health organizations, 
including clinical, home visiting and population-based services, and 
who are not in management positions. Responsibilities of the PHN may 
include working directly with at-risk populations, carrying out health 
promotion programs at all levels of prevention, basic data collection 
and analysis, field work, program planning, outreach activities, 
programmatic support, and organizational tasks. Although the COL 
competencies and the Quad Council competencies are primarily 
focused on population level, public health nurses must apply these 
skills and competencies in the care of the individuals, families or 
groups. Therefore, Tier 1 competencies reflect this practice.  
Tier 2 Core Competencies of Public Health Nursing.  
These competencies apply to public health nurses with an array of 
program implementation, management and/ or supervisory 
responsibilities, including responsibility for clinical services, home 
visiting, community-based and population-focused programs. For 
example, responsibilities may include: implementation and oversight of 
personal, clinical, family focused and population-based health services; 
program and budget development; establishing and managing 
community relations; establishing timelines and work plans, and 
presenting recommendations on policy issues. 
 
Tier 3 Core Competencies of Public Health Nursing.  
These competencies apply to public health nurses at an executive/ 
senior management level and leadership levels in public health 
organization. In general, these competencies apply to public health 
nurses who are responsible for oversight and administration of 
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programs or operation of an organization, including setting the vision 
and strategy for an organization and its key structural units, e.g., public 
health nursing division. Tier 3 professionals are generally placed at a 
higher level of positional authority within the agency/ organization, 
and they bring similar or higher level of knowledge, advanced 
education, and experience than Tier 1 and Tier 2 counterparts (p.5) 
 
Following the above competency delineation being followed by COL and the 
Quad Council, Group A  nurse administrators operate at Tier 1 of public health 
nursing service provision;  Group B nurse administrators operate at Tier 3 public 
health nursing provision; and Group C nurse administrators operate at a level of 
Tiers 1 and 2 public health nursing provision since some of them provide 
nursing care directly to patients as part of their work (e.g., Nurse Clinicians, 
Advanced Practice Nurses and Senior Staff Nurses responsible for special 
programs such as wound care and infection control). 
 
Knowledge Processes of the Organization and the Use 
of ILTC-IS for Public Health Practice by ILTC Nurse 
Administrators 
 
Nurse administrators whose organization have a more mature level of 
development in knowledge processes will use the ILTC-IS more frequently for 
public health practice as compared to a nurse administrator whose organization 
is less mature in its knowledge processes. This statistical difference could be 
explained by the strategic use of information for innovation and continuous 
improvement by the ILTC organizations that have higher scores in knowledge 
processes. Organizations that have higher maturity in this domain is 
characterized by having policies, best practices, standards, and governance that 
define how information is generated, validated and used organization-wide. The 
strategic use of information by these more mature organizations are also tied to 
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their organizational performance indicators and how they reward their 
employees based on the achievement of these indicators.  
To identify the areas for action in terms of enhancing the public health 
information behavior of the ILTC nurse administrators, the radar chart as shown 
in Figure 6 was presented to the participants during the focus group discussions. 
The group noted that against the criterion (i.e., score of 5 for “strongly agree” 
which indicate the highest level of maturity for each domain), the domain 
“knowledge process” is the least mature across all the participating participants. 
Given this finding, the participants decided to address the improvement of 
knowledge processes as their priority area for action planning implementation, 
and evaluation for the current action research cycle. 
 
Summary of the Results of the Hypothesis 
Testing 
This section summarizes the results of the statistical testing of the four 
hypotheses of the present study. They were tested at 5% alpha. 
Hypothesis 1 
This study hypothesized that nurse administrators who have and additional 
senior healthcare administration role (i.e., Group B Nurse Administrators) will 
use the data and statistical information in the ILTC-IS to a greater extent for 
public health practice as compared to other nurse administrators whose 
administration responsibilities cover the nursing services only (i.e., Group A 
Nurse Administrators) and nurses who fulfill other nursing administration 
related services (i.e., Group C Nurse Administrators. 
The bivariate analyses provided empirical evidence in support of Hypothesis 1. 
The association between job role and the use of ILTC-IS for public health practice 
was found to be statistically significant in terms of the use of ILTC-IS for needs 
assessment and policy analysis. However, it failed to reject the null hypothesis in 
terms of the use of ILTC-IS for assurance through manpower planning.  
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The multivariate analysis showed the same result. It also rejected the null 
hypothesis of no association in terms of needs assessment (borderline) and 
policy development, after adjusting for (a) type of organization, (b) public health 
informatics competency, and (c) the domains of healthcare analytics maturity. 
However, the multivariate analysis also failed to reject the null hypothesis of no 
association at 5% alpha in terms of the use of the ILTC-IS for assurance through 
manpower planning after adjusting for (a) type of organization, (b) public health 
informatics competency,  and (c) the domains of business analytics maturity.  
Hypothesis 2  
This study hypothesized that nurse administrators who have higher levels of 
competencies in public health nursing in general and public health informatics in 
particular, will use the data and statistical information in the ILTC-IS for public 
health practice to a greater extent as compared to nurse administrators who 
have lesser levels of competencies. 
The bivariate analyses provided empirical evidence in support of Hypothesis 2. 
Higher levels of public health nursing competency and higher levels of public 
health nursing informatics competency significantly increase the use of ILTC-IS 
by ILTC nurse administrators for all the three core functions of public health 
practice: (a) needs assessment, (b) policy development; and (c) assurance 
through manpower planning.  
In multivariate analyses, the association between the competency in public 
health nursing and the use of ILTC-IS for public health practice was also not 
significant after adjusting for (a) job role, (b) public health informatics 
competency, and (c) type of organization. However, public health informatics 
competency was found to be a significant predictor for the use of ILTC-IS for 
assurance, after adjusting for these three variables. The higher the level of 
competency in public health informatics, the higher is the use of the ILTC-IS for 
needs assessment and policy development by the ILTC nurse administrators. 
The use of the ILTC-IS for needs assessment and policy development is positively 
associated with competence in public health informatics after adjusting for (a) 
job role, (b) public health informatics competency, and (c) type of organization. 
However, these observations were not significant. 
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Hypothesis 3  
This study hypothesized that nurse administrators who belong to organizations 
with higher levels of maturity in health care analytics will use the data and 
statistical information in the ILTC-IS for public health practice to a greater extent 
as compared to nurse administrators who belong to organizations with lesser 
levels of maturity healthcare analytics. 
The bivariate analyses showed evidence that higher levels of organizational 
maturity in healthcare analytics are associated with frequent use of the ILTC-IS 
for needs assessment, policy development, and assurance. However, the 
empirical evidence from the present sample did not provide empirical evidence 
in support of Hypothesis 3 since these observed associations were not 
statistically significant.  
The association between the healthcare analytics maturity (as measured by the 
total score in HAMENA) and the use of ILTC-IS for public health practice was also 
not significant after adjusting for (a) job role, (b) public health informatics 
competency, and (c) type of organization. However, the Knowledge Processes 
sub-domain of HAMENA was found to be a significant predictor after adjusting 
for these three variables. The higher the score in the Knowledge Processes, the 
higher is the use of the ILTC-IS for needs assessment and policy development by 
the ILTC nurse administrators. In terms of the use of the ILTC-IS for assurance, 
the coefficient for Knowledge Processes was positive indicating that the higher 
the score in Knowledge Processes, the higher is the use of the ILTC-IS. However, 
the association was not significant after adjusting for (a) job role, (b) public 
health informatics competency, and (c) type of organization. 
Hypothesis 4  
This study hypothesized that nurse administrators who belong to the ILTC 
institutions receiving public funding will use the data and statistical information 
in the ILTC-IS to a greater extent as compared to nurse administrators who 
belong to organizations that do not receive any form of public funding.  
Both the bivariate and multivariate analyses failed to reject the null hypothesis 
of no association between the regulatory environment (in view of the type of 
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financing the organizations receive) and the use of the ILTC-IS for public health 
practice. This finding may be due to the homogeneity of the sample in terms of 
the regulatory environment of their organizations. The organizations of the 
participants receive some form of public funding, either through charities, 
subsidies, or both. There were no participants from the purely private sector in 
this present study. 
Conclusion 
The review of the literature indicates that information behavior is context-
specific, i.e., the person performing a role in an environment and that the 
characteristics of the information user, organization and environment influence 
information behavior (Wilson, 1981, 1994, 1997). Further, information needs, 
information seeking and information use are understood as part of task 
performance and tasks situate information behavior in a specific and purposeful 
context (Bystrom, 1999; Ellis, 1984; Li, 2009; Revere et al., 2007; Vakkari, 2003; 
Wilson, 1981).  
This chapter identified the predictors of the use of the ILTC-IS for the public 
health practice of nurse administrators using ordinal regression analyses. The 
significant predictors of the use of ILTC-IS for needs assessment and policy 
development are: (a) the job role of nurse administrators; and (b) the knowledge 
processes of the organization. The significant predictors of the use of ILTC-IS for 
assurance through manpower planning are (a) public health informatics 
competency; and (b) the availability of computerized databases to store data.  
These findings guided the planning of immediate, intermediate and long term 
goals by the participants on how to enhance the use of ILTC-IS by the ILTC nurse 
administrators for public health practice (see logic model in Figure 3). For this 
present cycle of action research, the predictor that the participants have chosen 
as the priority action item to implement when developing the logic model 
collaboratively was the enhancement of the knowledge processes in their 
organization through the generation, dissemination and use of statistical reports 
from the ILTC-IS, on the trends in the incidence of nurse-sensitive indicators in 
their respective organizations. During the action phase of the present action 
research cycle, these statistical reports were disseminated and explained by the 
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investigator for each individual institution on-site; and they were used by the 
participants in their quality improvement projects that aim to reduce the 
incidence of  these nurse-sensitive clinical events. The following chapter 
discusses the evaluation phase of the present action research cycle, following the 




















CHAPTER 8:  REPEAT MEASUREMENTS AND EVALUATION 
 
Introduction 
Following the action phase, the next stage of the action research cycle is the 
reflection and evaluation phase (as indicated by the red arrow on Phase3 of 
Figure 8 below). The evaluation phase is carried out in order to examine the 
success of the interventions in enhancing the use of the ILTC-IS for public health 
practice.  The reflection phase is performed in order to consider “what 
happened”, “how it happened” and “why it happened” in order to make sense of 
the evaluation (Pickard, 2007). This chapter presents the results of the repeat 
measurement and evaluation. Chapter 9 will present the reflections, conclusion 




Figure 8: Logic Model to Enhance the Use of ILTC-IS by Nurse 




The following evaluation methods were employed during Phase 3 of the current 
action research cycle: (a) repeat measurements using the same measurement 
tools used at baseline; and thematic analysis. The repeat measurements were 
carried out in order to measure and evaluate the change in public health related 
information behavior as measured by change in the extent of use of the ILTC-IS 
for (a) needs assessment; (b) policy development; and (c) assurance. It was also 
carried out to measure and evaluate the change in the predictor variables with a 
view to identify specific areas for follow through for the next action research 
cycle. The thematic analysis of the of the scripts of the focus group discussions 
following the action phase was carried out to determine the participants’ 
qualitative evaluation of the effectiveness of the interventions carried out during 
the action phase; and to gather their recommendations for future action 
research cycles to enhance their use of the ILTC-IS for public health practice in 
the ILTC sector.  
 
Sample for Phases 2 and 3 
There were a total of 74 respondents at baseline (Phase 1). Fifty out of the 
original 74 participants completed the repeat measurements giving a response 
rate of 67.60%. Twenty-four of the original baseline participants were not able 
to participate in the action phase and repeat measurements phase of the current 
action research cycle for the following reasons. There were 5 respondents from 
an institution whose statistical reports are yet to be generated. Since their 
statistical reports can only be ready for dissemination in January 2014, they 
have opted out of the action phase for the current action research cycle and will 
join the next action research cycle instead. Efforts were made to encourage 
participation for the action phase for the rest of the remaining participants by 
conducting the planned lectures and workshops on-site, institution by 
institution. However, there were still 19 participants who were unable to 
participate during the action phase due to one of the following reasons: (a) 
exigencies of patient care, i.e.,  participants cannot all be released from duty 
since some of them need to cover the patient care duties  while the rest of the 
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participants attend the lecture and workshops; (b) staff attrition, i.e., some 
participants have resigned from the institution before  action phase was 
implemented; and (c) some participants were already on study leave to pursue 
higher education during the scheduled lecture and workshops. 
 
Change in the use of the ILTC-IS for public health 
practice  
For this present action research cycle, the focus of the measurement and 
evaluation is the achievement of the immediate outcome, the increase in the use 
of ILTC-IS for public health practice, as set out in the logic model (see Figure 8). 
During the baseline and repeat measurements, the participants were asked 
about their extent of use of the ILTC-IS for each of the following public health 
functions:  (a) needs assessment; (b) policy development; and assurance. To 
each of the questions asked, the participants were instructed to choose one of 
the following response options: (1) “I do not use the data & statistics from the 
ILTC IS at all.”; (2) “I use the data & statistics in the ILTC IS to a little extent”; (3) “I 
use the data & statistics in the ILTC IS to some extent”; and (4) “I use data & 
statistics in the ILTC IS to a great extent.”  
Given that the response variable is measured on an ordinal scale from 1= I do 
not use the data & statistics from the ILTC-IS at all, to 4 = I use the data & 
statistics in the ILTC IS to a great extent, the related samples Wilcoxon signed 
ranks test was used to evaluate for any statistical difference in the extent of use 
of the ILTC-IS for public health practice by the ILTC nurse administrators. 
Specifically, the Wilcoxon signed ranks tests were used to evaluate whether the 
observed increase in the use of the ILTC-IS by the nurse administrators before 
and after the action phase for (a) needs assessment; (b) policy development; and 
(c) assurance were statistically significant. An alpha level of 5% was adopted for 




During the baseline and repeat measurements, the participants were asked the 
question, “ Overall, to what degree do you use the data & statistics in the ILTC IS to 
assess the risks for falls, infections, pressure ulcers, scabies and hospitalization 
among the population of patients that your organization serves?” At baseline, 26 
out of 40 respondents did not use the ILTC-IS for needs assessment. The number 
of non-users decreased to 22 out of 40 respondents. Correspondingly, the extent 
of use of the ILTC-IS for policy development has increased from 12 at baseline to 
16 during the repeat measurement. Overall, the extent of use of the ILTC-IS for 
needs assessment has increased following the action phase.   
However the observed increase was not statistically significant as tested by the 
Wilcoxon signed ranks test (p = .239). This result is expected given that there are 
gaps in the public health related data elements in the current version of the 
ILTC-IS as presented in Chapter 5: The Public Health Information Needs of ILTC 
Nurse Administrators. This gap will only be addressed with the implementation 
of the enhanced version of the ILTC-IS that incorporates the additional data 
elements that are required by the ILTC nurse administrators for needs 
assessment. 
Policy development 
During the baseline and repeat measurements, the participants were asked the 
question, “Overall, to what degree do you use the data & statistics in the ILTC IS 
when evaluating and recommending policies and programs to prevent the 
occurrence of falls, infections, pressure ulcers, scabies and unplanned 
hospitalization among the population of patients that your organization serves?” 
At baseline, 29 out of 36 respondents did not use the ILTC-IS for policy 
development. The number of non-users decreased to 23 out of 36 respondents. 
Correspondingly, the extent of use of the ILTC-IS for policy development has 
increased from 5 at baseline to 12 following the action phase. The observed 
increase in the use of ILTC-IS for policy development is statistically significant as 




At baseline and during the repeat measurements, the participants were asked 
the question, “Overall, to what degree do you use the data & statistics in the ILTC 
IS when carrying out manpower planning?” At baseline, 31 out of 36 respondents 
did not use the ILTC-IS for assurance. The number of non-users decreased to 23 
out of 36 respondents. Correspondingly, the extent of use of the ILTC-IS for 
policy development has increased from 5 at baseline to 9 following the action 
phase. The observed increase in the use of ILTC-IS for assurance is statistically 
significant as tested by the Wilcoxon signed ranks test (p = .012). 
Overall, the evaluation results indicate an increase in the use of the ILTC-IS for 
public health practice from “not using the ILTC-IS at all”, to “using the ILTC-IS to 
a little extent, to some extent and to a great extent” after the action phase. Based 
on the focus group discussions following the action phase, the participants 
attribute this change to the dissemination and use of the statistical reports from 
the ILTC-IS on the trends in the incidence of nurse-sensitive indicators; and the 
lecture and discussions that were held to enable the participants to interpret the 
statistical reports and how to find information from the ILTC-IS. The participants 
also expressed that they used these statistical reports for their organizational 
quality improvement efforts. In addition, based on the statistical reports, the 
participants also made recommendations on national policies on nurse staffing 
and the need to update the national clinical practice guidelines on the prevention 
of falls and pressure ulcers. 
 
Change in the scores of the predictor variables 
 
Paired sample t-tests were performed to compare the participants’ total scores 
on the predictor variables (i.e., PHNS, PHIS-EIB, and HAMENA Scale) that were 
measured during Phase 1 (i.e., baseline measurement); and during Phase 3 (i.e., 




Change in the level of public health competency 
Paired sample t-tests were performed to evaluate the change in total scores in 
the PHNS scores before and after the action phase. There was an observed 
reduction in the PHNS scores during the repeat measurement (M = 162.03, SD = 
49.82), as compared to the baseline measurement (M = 165.34, SD = 38.79). The 
3.32-point reduction in the PHNS score is attributed to chance since this 
reduction is not statistically significant; t(42) = 0.487, p = .629. This result of no 
change in the public health  competency levels is as expected since there was no 
intervention implemented that was aimed to increase any of the domains of 
public health competency during the action phase of the current action research 
cycle. 
Change in the level of public health informatics 
competency 
Paired sample t-tests were performed to evaluate the change in total scores in 
the PHIS-EIB before and after the action phase. There was an observed reduction 
in the scores in the PHIS-EIB during the repeat measurement (M = 84.12, SD = 
26.30), as compared to the baseline measurement (M = 88.24, SD = 20.42). The 
4.12-point reduction in the PHIS-EIB score is attributed to chance since this 
reduction is not statistically significant; t(42) = 1.140,  p = .261. This result of no 
change in the public health informatics competency levels is as expected since 
there was no intervention implemented that was aimed to increase any of the 
domains of public health informatics competency during the  
 
Change in the healthcare analytics maturity of the 
organization 
Paired sample t-tests were performed to evaluate the change in total scores in 
the HAMENA Scale scores before and after the action phase. There was an 
observed increase in the HAMENA Scale scores during the repeat measurement 
(M = 363.52, SD = 53.32), as compared to the baseline measurement (M = 
313.26, SD = 45.50). The 50.26-point increase in the HAMENA Scale score is not 
attributed to chance since this increase is statistically significant; t(42) = -5.920, 
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p <.001. This result of improvement in the healthcare business analytics 
maturity scores is as expected since the focus of the actions in this present action 
research cycle was to improve the healthcare business analytics in organizations 
through the generation and dissemination of statistical trends (of the data they 
submit through the ILTC-IS) for each organization; and the conduct of training 
on the following (a) “The Use of ILTC-IS for the Surveillance of Nurse-Sensitive 
Clinical Indicators”; (b) “The role of Epidemiology in Surveillance of Nurse-
Sensitive Clinical Indicators and in Quality Assurance Activities”; (c)  “Interpreting   
Your Organization’s Statistical Report on Trends in the Incidence of Nurse-
Sensitive Clinical Indicators”; and (d) “How to Use the Data and Statistics from the 
ILTC-IS for Your Public Health Functions of Needs Assessment, Policy Development, 
Assurance”.  
Paired t-test of the baseline and repeat measurement scores of the following 7 
sub-domains of the Healthcare Analytics Maturity Scale was carried out to 
identify which among the following sub-domains of HAMENA Scale have 
increased at repeat measurement: (a) Domain 1 -Organizational Culture; (b)  
Domain 2 - Knowledge Processes; (c) Domain 3 - Availability of Computerized 
Databases to Store Data; (d) Domain 4-  Availability of Technology & Data 
Standards and Analytical & Business Intelligence Tools; (e) Domain 5 - Access to 
Data and Statistical Reports; (f) Domain 6 - Data Governance; and (g) Domain 7 - 
Knowledge Workers. The scores in the following 3 sub-domains of the HAMENA 
Scale were observed to have increased significantly: (a) Domain 2: Knowledge 
Processes; (b) Domain 3: Availability of Computerized Databases to Store Data; 
and (c) Domain 6: Data Governance.  
 
Change in the knowledge processes of the organization 
Paired sample t-tests were performed on 43 pairs of before and after the action 
phase scores in Domain 2: Knowledge Processes. There was an observed 
improvement in the scores in this sub-domain of the HAMENA Scale during the 
repeat measurement (M = 59.26, SD = 11.62), as compared to the baseline 
measurement (M = 49.73, SD = 38.79) and the increase was statistically 
significant; t(42) = -5.267, p = <.001.  
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Based on the responses of the participants to the qualitative interviews and 
focus group discussions following the action phase, the dissemination of the 
statistical reports on the trends in the incidence of nurse sensitive reports from 
the ILTC-IS has contributed to the knowledge processes in their organization. 
One of the Executive Directors remarked, “These are very helpful in 
communicating with my staff and funders on how we are making progress on 
clinical programs we are implementing in our Nursing Home.” 
 
Change in the availability of computerized databases to 
store data 
Paired sample t-tests were performed on 43 pairs of before and after the action 
phase scores in Domain 3 - Availability of Computerized Databases to Store Data 
before and after the action phase. There was an observed improvement in the 
scores in this sub-domain of HAMENA Scale during the repeat measurement (M 
= 76. 99, SD = 15.88), as compared to the baseline measurement (M = 41.63, SD = 
9.10) and the increase was statistically significant; t(42) = -14.510, p = <.001. 
The participants indicated that the change in the score in this area is attributed 
to the current computerization projects that are in progress in some of the 
organizations. In addition, through this action research process, the participants 
expressed that they have become more aware of the availability of computerized 
databases in their organization. For example, a participant commented, “I was 
not aware of the existence of the ILTC-IS before.” 
 
Change in data governance 
This sub-domain address the policy within the institution regarding access to 
computerized databases that store data on patients, staff, service utilization, and 
the cost and financing of the services provided by the organization.  Paired 
sample t-tests were performed on 43 pairs of before and after the action phase 
scores in Domain 6: Data Governance. There was an observed improvement in 
the scores in this sub-domain of HAMENA Scale during the repeat measurement 
(M = 32. 02, SD = 6.44), as compared to the baseline measurement (M = 19.16, 
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SD = 3.67) and the increase was statistically significant; t(42) = -13.871, p = 
<.001. There was, however, no significant difference t(42) = 1.009, p = .319) in 
the level of access of nurse administrators to these computerized databases 
during the repeat measurement (M = 30.04, SD = 7.20) as compared to the 
baseline measurement (M = 31.46, SD =7.51). 
During the focus group discussions, the nurse administrators clarified that there 
are 3 explanations to this finding. The first reason relates the assignment of 
access to the ILTC-IS which was primarily on a departmental basis: (a) nurses 
from the Department of Nursing  access the nursing related modules of the ILTC-
IS to carry out the data entry for the clinical assessments of risk factors (e.g., falls 
risk assessment and pressure sore risk assessment)  and the occurrence of 
nurse-sensitive events such as falls and development of  pressure sores;  and (b)  
staff from the admin related departments such as the Human Resource 
Department and the Finance Department access the financing, staff and 
utilization modules of the ILTC-IS to enter the data relating to staff information 
(e.g., employment dates, qualifications and training)  and the utilization and 
financing of patient care services.  
The second reason relates to access to the ILTC-IS based on the seniority of the 
nurse administrator, given the confidentiality of certain staff and patient 
information. On the one hand, nurse administrators who belong to Group B 
nurse administrators and performed the chief executive officer’s functions can 
access all the computerized databases. On the other hand, Group A and Group C 
nurses can only access the nursing related computerized databases. However, 
since the summary statistics of clinical indicators are situated in the 
administrator module of the current ILTC-IS that are accessed only  by the chief 
executive or the deputy,  Group A and Group C nurse administrators are unable 
to access these statistical summaries directly.  
Finally, the third reason relates to the availability of tokens to access the ILTC-IS. 
The nurse administrators relate that it is cost-prohibitive to acquire tokens for 
every nurse administrator in order to access the information in the ILTC-IS. In 
view of this, even for the nursing modules of the ILTC-IS, only one assigned 




Summary of Research Findings 
 
This section presents the summary to the following research questions of the 
present study: 
1. What are the information needs of nurse administrators when they 
are carrying out their public health functions of (a) needs 
assessment; (b) policy development; and (c) assurance to protect 
the health and ensure the safety of the population of patients in the 
ILTC sector? 
2. What information seeking paths do nurse administrators take in 
order to access the data and information from the ILTC-IS when they 
are carrying out their public health functions?  What are the barriers 
and facilitators faced by nurse administrators in using the ILTC-IS 
when they are seeking data and statistics to carry out the public 
health functions of (a) needs assessment; (b) policy development; 
and (c) assurance to protect the health and ensure the safety of the 
population of patients in the ILTC sector? 
3. To what degree do the nurse administrators use the ILTC-IS when 
they are carrying out their public health functions? What are the 
predictors of the use of ILTC-IS by nurse administrators when they 
are carrying out their public health functions of (a) needs 
assessment; (b) policy development; and (c) assurance to protect 
the health and ensure the safety of the population of patients in the 
ILTC sector? 
 
With regard to Research Question 1, the content analyses found that the main 
information needs of the ILTC nurse administrators include statistical 
information for internal and external benchmarking of nurse-sensitive clinical 
indicators; and (b) information on risk factors, patient acuity levels and nurse 
staffing information.  
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With regard to Research Question 2 the present study found that the  
information-seeking behavior of nurse administrators took one of the following: 
(a) access the ILTC-IS directly; (b) access the ILTC-IS with the help of a staff who 
has authorized access to the ILTC-IS; (c) access the ILTC-IS themselves and 
through the help of a staff who has authorized access to the ILTC-IS; and (d) not 
to access at all when the participant is not aware of the ILTC-IS. The present 
study also found that the main limiting factor that is preventing the nurse 
administrator to access the ILTC-IS for public health practice is the prohibitive 
cost of the token. 
Finally, in terms of Research Question 3, the study found that although modest, 
the bivariate ordinal regression analyses showed evidence that higher levels of 
competency in public health practice and public health informatics as applied to 
nursing administration, significantly increase the use of ILTC- IS for public 
health practice. The bivariate ordinal regression analyses also showed that 
higher levels of organizational maturity in healthcare business analytics were 
associated with more frequent use of the ILTC-IS for public health practice; 
however the observed associations were not statistically significant.  
The following findings from the multivariate ordinal regression analyses 
provided further answers to Research Question 3.  The analyses showed evidence 
that the significant predictors of the use of ILTC-IS for public health nursing 
practice included:  (a) job role of the participant; (b) competence in public health 
informatics; and (c) the knowledge processes component of healthcare business 
analytics maturity of the organization. 
The following section presents the achievement of the aim of this study to 
develop a conceptual framework of public health information behavior. 
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Validation of the Proposed Villanueva-Lim PHIB 
Model 
 
The main aim of this study was to develop a schematic model of the public health 
information behavior of the nurse administrators. The results of the present 
study provided the empirical evidence on the utility and validity of the 
Villanueva-Lim PHIB Model (shown in Figure 1) through its application in the 
current participatory action research cycle that sought to address the real work 
problem, “How to improve the ILTC-IS to enhance the public health practice of 
nurse administrators in the ILTC sector of Singapore?”.  
The change that was observed in the knowledge processes of participating 
organizations and the increase in the use of the ILTC-IS after the action phase 
validated the Villanueva-Lim PHIB Model, and provided the evidence of its 
validity to be used to guide the future participatory action research cycles to 
enhance the public health information behavior of nurse administrators as 
expounded below. 
The Villanueva-Lim PHIB Model is shaped as concentric circles to indicate that 
information behavior is centered on the goal to promote the public’s health and 
safety. The circles also suggest that the predictors are dynamic, i.e., the 
characteristics of the information-seeking person, the context, and other 
determinants of information behavior are not static. As such, facilitation of 
information behavior, including the design and implementation of information 
systems in order to “create value” over time is a continuous process carried out 
through iterative participatory action research as depicted by the proposed  
Villanueva-Lim Model of  Public Health Value Creation Over Time  (Villanueva-Lim 









Figure 9: Proposed Villanueva-Lim Model of Public Health 




 “Value” in Figure 9 refers to public value (Benington & Moore, 2011).  In health 
care, following Lang’s (1975) quality assurance model, the indicators and 
metrics of public value are defined during the following steps of the quality 
assurance cycle: (a) formation of values that is informed by the values of the 
profession, the public and the healthcare organization; and (b) the establishment 
of outcome, process, and structure standards and criteria.  
The promotion and protection of the public’s health are among the public value 
created by public health nursing practice. To create this public value, the 
participatory action research in the Villanueva-Lim Public Health Value Creation 
over Time Model (Villanueva-Lim PHVCoT Model) involves the following: (a) 
continuing education and skills training of public health practitioners in public 
health and in public health informatics; (b) management of change that is 
informed by the analysis and reflections of each of the cycle of the participatory 
action research process and evidence-based change interventions; and (c) policy 
advocacy for the creation of regulatory and organizational environments that are 
supportive of public health information behavior and the continuous 
improvement of health information systems, in order to promote and protect the 
public’s  health.  
As such, the proposed Villanueva-Lim PHVCoT Model also depicts the 
developmental, evolutionary, and emancipatory nature of participatory action 
research. As the nurse administrators participate in repeated action research 
cycles, they gain skills in action research methods and deeper insights into their 
public health information behavior. Such skills acquisition and knowledge 
development would render them more effective in the action research process 
and the planning, implementation, and evaluation of action plans that enhance 
their public health information behavior. In turn, this virtuous cycle could lead to 
an exponential rather than linear improvement in public health value creation as 
depicted schematically in the progression of the PAR Cycles from the present 





The evaluation phase was carried out after the following priority action items 
were implemented during Phase 2 of the current action research cycle: (a) the 
orientation to the public health nursing informatics functions of the ILTC-IS; (b) 
the dissemination of statistical trends specific to their organization from the 
ILTC-IS; and (c) the conduct of orientation and workshop on the use of the 
statistical trends for needs assessment, policy development, and assurance 
through manpower planning. These interventions were targeted to improve the 
knowledge processes of the organization.  
Interventions to improve the competencies of the nurse administrators in public 
health and public health informatics were not implemented during this present 
action research cycle since these interventions will need more time to 
implement. During the focus group discussions to evaluate the  current action 
research cycle, the participants made the following recommendations to develop 
the competencies of nurse administrators in the following areas: (a) the 
development of structured training and education programs for all levels of 
nursing education (i.e., pre-registration to post-registration; (b) to work with the 
Chief Nursing Officer’s Office, the Singapore Nursing Board, and the academic 
institutions on the accreditation of these education programs; and (c) working 
with funding organizations to finance the implementation of the formal and 
continuing education programs in public health nursing and public health 
informatics of the nurses. 
As expected, there were no observed improvement in the levels of public health 
nursing and public health informatics competencies of the participants during 
this present action research cycle given that formal education programs are yet 
to be implemented to address public health nursing and public health 
informatics competency development among the ILTC nurse administrators.  
However, there was an observed increase in the use of the ILTC-IS for public 
health practice by the ILTC nurse administrators after the interventions to 
enhance the knowledge processes of their organization was carried out. The 
intervention include the dissemination of statistical reports on the 
organizational trends in the incidence of nurse-sensitive indicators; and the 
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conduct of lectures and discussions on how to interpret and use the statistical 
reports to prevent the occurrence of nurse-sensitive clinical events in their 
respective organizations. Although modest, this increase has been found to be 
statistically significant at 5% alpha and provide the empirical evidence to the 
validity and utility of the Villanueva-Lim PHIB Model. 
To move the use of the ILTC-IS by more ILTC nurse administrators to a greater 
extent for their public health practice, the participants identified five major 
action items for the next action research cycles during the focus group 
discussions following the action phase.  
First, the participants recommended to use the results of this study to develop 
the organizational electronic health record; and the public health nursing 
informatics component of the next generation of the ILTC-IS, giving attention to 
three areas: (a) data elements for public health practice should be incorporated 
into their organizational electronic health records which will then send data to 
the enhanced ILTC-IS for national aggregation and analyses; (b) the design of the 
enhanced ILTC-IS should be made more user-friendly; and (c) data visualization 
and real-time generation of organizational and national statistical reports should 
be made available for surveillance and benchmarking purposes.  
Second, the participants recommended to enable the access of each nurse 
administrator to the public health nursing informatics aspect of the ILTC-IS 
through funding of tokens and improving the design of the new ILTC-IS (e.g., the 
statistical reports to be accessed via the clinical modules in order for the nurse 
administrators to access these reports by themselves, instead of an 
intermediary). Currently, these reports can only be accessed through the ILTC-IS 
administrator module. 
Third, the participants recommended that updated practice guidelines to 
prevent and manage nurse-sensitive clinical events (e.g., falls and pressure 
sores) to be incorporated in the design and development of their in-house 
electronic health record and the ILTC-IS;  Fourth, the participants recommended 
that educational programs for skills development in public health nursing in 
general and public health informatics in particular need to be established in 
academic institutions to develop the public health nursing and public health 
informatics competencies of nurses at pre-registration and post-registration 
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levels, in order to address the gaps in these competencies; and (d) Fifth, the 








This chapter presents the reflection phase of the action research; the 
implications of the reflections and the recommendations for future cycles of 
action research to promote the use of ILTC-IS for public health practice; the 
limitations of the study; and the recommendations for future research.  
Action research is a cyclical research process in which the result of the reflection 
on the results of the interventions and evaluation usually lead into further 
actions. This chapter presents the reflection on the results of the study. Based on 
these reflections, implications of the results to healthcare informatics and 
analytics are discussed and formed the basis for recommendations for the next 
phases of action research studies to promote the use of information systems to 
enable the public health practice of community-based nurse administrators in 
the ILTC sector. 
 
Reflections On The Study Findings 
 
The main information needs of the nurse administrators include internal and 
external benchmark rates of nurse-sensitive clinical indicators; and the 
associated risk factors, including nurse staffing information. Their information-
seeking behavior took one of the following information seeking paths: (a) access 
the ILTC-IS directly; (b) access the ILTC-IS with the help of a staff who has access 
to the ILTC-IS; (c) access the ILTC-IS themselves and through the help of a staff 
who has access to the ILTC-IS; and (d) do not access at all when the participant is 
not aware of the ILTC-IS. Although modest, the bivariate ordinal regression 
analyses showed evidence that higher levels of public health nursing 
competence and public health informatics competence significantly increase the 
use of ILTC IS for public health practice. The bivariate ordinal regression 
analyses also showed that higher levels of organizational maturity in healthcare 
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business analytics are associated with more frequent use of the ILTC-IS for 
public health practice; however the observed associations were not statistically 
significant. The multivariate ordinal regression analyses indicate that the 
significant predictors of the use of ILTC-IS for public health nursing practice 
include (a) job role of the participant; (b) competence in public health 
informatics; (b) the knowledge processes component of healthcare business 
analytics maturity; and (d) availability of computerized databases to store and 
manage data. These results are consistent with previous studies describing 
information behavior as task-based and job role related (Wilson, 1981; Vakkari, 
2003); and influenced by job competency and the characteristics of the 
organization. Examples of research on the information behavior of nurses that 
found similar results include (a) Ngin and Sims (1996) who reported that 
variation in the patterns of computer use among nurses was due to the 
differences in their computer skill, task demands, unit culture, and the roles they 
occupy; and (b) Turner, Stavri and Revere (2008) who reported that information 
need of the public health nurse studied differed, depending on their positions 
and work tasks, based on a qualitative study they conducted to identify and 
assess the information needs and resources of public health nurses at 1 of the 34 
local health departments in rural Oregon, USA.  
The coefficients for predictors (a) job role of the nurse administrators (Group B), 
(b) public health informatics and (c) knowledge processes of the organization 
are consistently positive across the three ordinal regression models (Tables 24 
26 and 28), indicating that participants with higher level of scores in these 
measures are more likely to use the ILTC-IS for public health practice as 
compared to participants whose scores in these measures are lower. For 
predictor (d) availability of computerized databases to store and manage data, 
however, the effect is opposite. The negative coefficient indicates that 
participants with higher scores in “availability of computerized databases to 
store and manage data” are less likely to use the ILTC-IS for public health 
practice as compared to those participants who score lower in this measure.  
Although not statistically significant, the coefficients for the total score for 
healthcare business analytics maturity (HAMENA Scale) are in line with the 
hypothesis statement for this study.  They are positive in the ordinal regression 
models in Table 24 (Ordinal Regression Model: Use of ILTC-IS for Needs 
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Assessment); Table 26 (Ordinal Regression Model: Use of ILTC-IS for Policy 
Development); and Table 28 (Ordinal Regression: Use of ILTC-IS for assurance) 
indicating that higher levels of healthcare business analytics maturity is 
correlated with greater extent in the use of ILTC-IS for public health practice of 
the ILTC nurse administrators. However, the coefficients of the sub-domains of 
the HAMENA Scale, with the exception of the sub-domain, knowledge processes 
are at times observed to be negative. In Table 24 (Ordinal Regression Model: Use 
of ILTC-IS in Needs Assessment), the following four sub-domains were observed 
to have negative coefficients: (a) Domain 1: Organizational Culture; (b) Domain 
3: Availability of Computerized Databases to Store Data; (c) Domain 5: Access to 
Data & Statistical Reports; and (d) Domain 7-  Knowledge Workers.  
In Table 26(Ordinal Regression Model: Use of ILTC-IS for Policy Development): the 
following four sub-domains were observed to have negative coefficients: (a) 
Domain 1:  Organizational Culture; (b) Domain 5: Access to Data & Statistical 
Reports; and (c) Domain 7: Knowledge Workers. 
In Table 28 (Ordinal Regression Model: Use of ILTC-IS in Assurance), the following 
three sub-domains were observed to have negative coefficients: (a) Domain 3: 
Availability of Computerized Databases to Store Data; (b) Domain 4: Availability 
of Technology & Data Standards and Analytical & Business Intelligence Tools; 
and (c) Data Governance. 
These results may suggest that as the organizations develop upwards in their 
maturity in healthcare analytics, there is self-sufficiency in using their own local 
information system for public health practice. Hence the effect of the predictor, 
healthcare analytics maturity, to the use of ILTC-IS for public health practice 
could very well be the opposite of what was hypothesized in this study when the 
ILTC organizations reach more mature stages in health care analytics. These 
findings have implications on the design, development and continuous 
improvement of health information systems at two levels: (a) the enhanced 
ILTC-IS for the purpose of national public health surveillance of the ILTC sector 
of the Singapore; and (b) the local administrative and clinical information 
systems of the individual ILTC health care organizations. 
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Implications of the Study Findings on the Design and 
Development of Health Information Systems 
 
When carrying out this present action research, the investigator approached the 
investigation as a public health practitioner who is looking for practical 
knowledge to answer the following question: “How do we improve the use of the 
ILTC-IS for the public health practice of nurse administrators when they are 
performing the three core functions of assessment, policy development and 
assurance to protect the health and ensure the safety of the population of 
patients in the ILTC sector of the Singapore healthcare system?” To find the 
answer to this real-life question, the investigator turned to the discipline of 
public health informatics since “One of the major objectives of the field of public 
health informatics is to discover useful applications of information technologies 
to improve public health practice” (Turner, Stavri, Revere, & Altamore, 2008, p. 
335). Among others, public health informatics involve the application of 
knowledge generation from information science studies to inform how 
information systems can be designed and developed in order enable public 
health practice. (Yasnoff et al., 2001; O’Carroll, 2003).  
Information scientists (Byström, 1999; Ellis, 1984); Fidel & Pejtersen, 2004; 
Ingwersen, 1996; Järvelin & Ingwersen, 2004; Vakkari, 2003; Wilson, 1981, 
1994, 1997, 2007) submit that the design of information systems is more 
effective if they are informed by empirical research to understand better the task 
and activities that users are engaged in given their job roles, the internal and 
external environment within which they perform these tasks and  activities, and 
the information needs that these tasks and activities generate. The 
recommendations on how to enhance the ILTC-IS based on the findings of the 
present study was informed by the discipline of information science, specifically, 
the knowledge of the public health related information behavior of nurse 
administrators.  
One of the unique contributions of public health nurses is the ability to apply the 
principles of public health at the individual and family level within the context of 
population-focused practice (Quad Council of Public Health Nursing 
Organizations, 2004). Based on the results of the present study, the investigator 
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concluded that there is a need to articulate well the systems that enable public 
health nursing informatics that address population health and the systems that 
enable clinical nursing informatics that address individual and family health 
needs to enable the ILTC nurse administrators to be effective public health 
practitioners.   
Florence Nightingale, the founder of modern nursing, is credited as one of the 
pioneers of public health informatics (Lumpkin, 2003). Through her pioneering 
use of new and advanced of statistical analysis in her capacity as the chief nurse 
during the Crimean War, she generated population level knowledge and insights 
on morbidity and mortality among the British soldiers during the Crimean War 
of 1854–1856 (Cohen, 1984). Working with William Farr, Nightingale confirmed 
the connection between sanitation and mortality among the British soldiers and 
used this knowledge to advocate for the protection of the health of the British 
soldiers (Lumpkin, 2003). Nightingale’s public health advocacy led to the 
development of national policies that implemented successfully, effecting a 
dramatic reduction in the mortality among the British soldiers (Lang, 2003). 
While the context of current nursing administration practice has changed over 
the years, the challenge to nursing administration remains: (a) the use of 
information to assess public health needs; (b) to advocate for national policies to 
meet these needs; and (c) to assure the implementation of appropriate national 
policies in order to protect the health and ensure the safety of the population of 




This present study investigated the public health formation behavior of the ILTC 
nurse administrators as they perform the three core functions of public health in 
order to protect the health and ensure the safety of the population of patients in 
the ILTC sector. It is recommended that the results of this study and their 
implications to health informatics and data analytics be considered as an input 
to the design and development of national and local information systems 
dedicated to enabling the public health practice of this group of information 
users. The following sections discuss specific recommendations based on the 
findings of the present study. 
Recommendation # 1: Principles and methods of public health informatics 
should underpin information systems 
 In general, the principles of public health informatics include the following: (a) 
The primary focus of public health practice is on application of information 
science and technology that promote the health of populations as opposed to 
specific individuals; (b) The primary focus of public health informatics is on 
applications of information science and technology that prevent disease and 
injury be alerting the conditions in the environment that put populations of 
individuals at risk; (c) Public health informatics applications explore the 
potential for prevention at all vulnerable points in the causal chains leading to 
disease, injury, or disability; applications are not restricted to particular social, 
behavioral or environmental contexts; and (d) As a discipline, public health 
informatics reflects the government context in which public health is practiced 
(O’Carroll, 2003; Yasnoff et al., 2001) 
In particular, information systems being planned for deployment at the 
institutional, and national levels, including the National Electronic Health Record 
(NEHR) and the enhanced ILTC-IS, should be designed and developed with the 
principles and methods of public health nursing as one of its underpinnings, in 
order for effective and efficient IT enabling of the public health surveillance and 
practice by community-based nurse administrators at the organizational, 
regional health systems and national levels. The local system could then feed the 
necessary minimum data systems to regional and national public health related 
information systems to enable aggregation to generate population level 
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statistical reports at regional and national levels to support public health nursing 
practice (i.e., needs assessment, policy development and assurance through 
manpower planning) at these levels of the Singapore health care system. In turn, 
the statistics at these levels should be made accessible as benchmark 
information to nurse administrators at the organizational level to inform the 
continuous improvement of their public health practice at the local level. This 
information sharing upwards and downwards the healthcare systems 
(organizational, regional and national) will promote an iterative virtuous cycle of 
performance improvement in protecting the health and ensuring the safety of 
the population of ILTC patients. 
Recommendation # 2: Next action research cycle should focus on the 
seamless articulation of information systems for clinical practice and for 
public health 
This is the first study on public health nursing informatics in Singapore that 
adopted an action research methodology. Based on the above recommendation 
and the logic model developed by the investigator and the participants on how to 
enhance the ILTC-IS to promote public health nursing practice (see Figure 3), the 
next action research cycle should  focus on addressing the following action 
research problem: “How do we  enhance the articulation between the 
organization’s local information system that enables clinical nursing informatics, 
and the ILTC-IS which enables organizational, regional and national public health 
nursing practice?”  
Key to the seamless articulation of the clinical information systems (i.e., 
organization clinical information systems) and public health nursing information 
system (i.e., public health nursing data set in the ILTC-IS) is data standardization.  
Standardization in essential to the construction of data systems in order to 
expand the flow of information between levels of providers (e.g., local health 
care organization, regional health systems and national health system ) and 
reduce the burden of data collection and analysis ( Murnaghan, 1978).   
The following papers could inform the next action research cycle: (a) the paper 
of Lang (2008) on Knowledge-Based Nursing Initiative (KBNI); (b) the paper of 
Kukafka et al., (2007) on how electronic health record systems can support 
public health; and (c) the paper of Reeder et al.  (2011) on improving systems for 
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public health through participatory design, scenario-based design and reusable 
design.  
Recommendation # 3: The information systems of the ILTC organizations 
and the enhanced ILTC-IS should use recognized data standards and uniform 
data sets 
In order to enable data exchange and the simultaneous transformation of clinical 
and public health practice and research the result of the current research can be 
used as an input on the definition of the minimum data set that the integrated 
clinical information systems of the ILTC organization and the public health 
nursing related data elements of the enhanced ILTC-IS should have.  
In epidemiological studies, meaning can only be derived from individual 
observations by grouping them and making comparisons in time, place and 
among different sectors of the population (Murnaghan, 1978). To enable 
grouping and aggregation, there is a need for data standardization of the data 
elements to meet the public health information needs of ILTC nurse 
administrators.  Data standardization will enable the aggregation of data from 
different organizations in the ILTC sector and the rest of the organizations 
comprising the Singapore health care system for epidemiological surveillance 
and public health planning. Furthermore, as Huber et al. (1992) elaborates, 
standardized measures based on the aggregation of data across the ILTC sector 
would help internal benchmarking. They will also facilitate external 
benchmarking to compare and evaluate the results of nursing care delivery 
across settings and sites.  
Consistent with the above recommendation, Lang (2008) points to the challenge 
of synthesizing knowledge about nurse-sensitive phenomena (e.g., risk for falls, 
risk for pressure ulcers, etc.) and how the lack of nursing clinical data in 
repositories and the lack of standardized terminology limit this knowledge 
synthesis. To address this identified gap, Lang (2008) proposed easily accessed 
electronic essential nursing data that would increase their usability for reports 
and quality improvement.  To this end, Lang (2008) advocates for the use of 
evidence-based electronic decision support systems with standardized nursing 
terminology that describe the care provided by nurses and reports the results of 
their nursing actions. 
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Recommendation # 4: Electronic health record should be built to also 
support public health practice 
As the foundation for public health, the role of health information systems is to 
generate, analyze and disseminate sound data for health system management; 
and public health decision-making and action (AbouZahr & Boerma, 2005; 
Health Metrics Network, 2008). Building on the contention of Rippen & Yasnoff 
(2006, cited in Kukafka et al., 2007) that public health assessment cannot 
become efficient or effective without accurate, valid and cost-effective collection 
of electronic data from the point of care, as well as dissemination of results back 
to the point of care, Kukafka et al. (2007) made three recommendations on how 
electronic health care record systems used in clinical practice can be redesigned 
to support public health. These include: (a) clinical data to be reused for public 
health purposes by enabling interoperability through consensus on data 
standards in terminology, messaging, data structures and data recording; (b) 
expand the clinical data model to collect and process new types of data including 
psychosocial, behavioral and environmental variables that are relevant to public 
health; and (c) establish a strong privacy and security protections that will allow 
data-sharing and patient-record matching without compromising the privacy of 
personal health information. The result of the current study showed that nurse 
administrators who belong to organizations that have more developed in-house 
information systems use the ILTC-IS less.  This was because, these institutions 
have used the minimum datasets that ILTC-IS was collecting as part of their in-
house system. This observation is useful information in building the enhanced 
ILTC-IS. The expanded data model to facilitate the public health practice of nurse 
administrators will also inform the enhanced clinical data model of the 
institutions. This would facilitate the redesign of the electronic health record of 
institutions that is simultaneously supportive of public health practice. 
Recommendation # 5: Design of the information systems to support clinical 
practice and public health should be participatory and scenario-based 
When proposing an approach to public health informatics design, Reeder et al., 
(2011) recommended the adoption of the following strategies: (a) participatory 
design; (b) scenario-based design; and (c) reusable design knowledge. Both 
recommendations (a) and (c) are consistent with the approaches that this 
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current study took in studying the public health related information behavior of 
nurse administrators in order to inform the design of the enhanced ILTC-IS.  
Participatory design is consistent with the use of participatory action research 
methodology in designing information system and scenario-based design is 
consistent with the context and task-based approach to understanding 
information behavior.  
With a participatory design approach, stakeholders are engaged in the design 
process to ensure that the system meets their needs and expectations. Scenario-
based designs involve stories that use everyday language to describe people and 
their work activities. It complements the participatory approach in that the work 
practitioners’ needs and values are brought directly into the design process as 
scenarios to inform system design are being captured. (Reeder et al., 2012).  
With a participatory and scenario-based approach to the design of information 
systems as described by Reeder et al. (2011), the ILTC nurse administrators will 
be empowered in actively designing and implementing systems and workflow 
processes to improve their use of information for public health practice.  
 
Development of Public Health Related Reference Tasks 
 
The use of data standards is recommended to facilitate information storage and 
exchange (Kukafka et al., 2007; Lang, 2008; Reeder et al., 2011). Reeder et al. 
(2011) term the data exchange that is designed to promote public health as 
reusable design knowledge. To this end, Reeder et al. (2011) recommend that 
while there is a growing trend in identifying and documenting information needs 
for public health practice (as was done by this present research), the next steps 
is in formalizing this documentation and transforming it into reusable design 
knowledge which include the development of scenarios of use to inform the 
design of information systems.  
The current study adopted a contextual and task-based (i.e., public health 
functions) identification of information needs, information seeking, and 
information use behaviors of the ILTC nurse administrators. This approach is 
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consistent with development of “scenarios of use” recommended by Reeder et al. 
(2011) to inform the development of public health related reference tasks.  
To contribute to the development of public health related reference tasks to 
inform the design of information systems that will enable public health practice 
of ILTC-nurse administrators, future action research cycles should address the 
information needs, information-seeking and information use behavior of these 
users of information systems when they carry out each of the ten essential 
services of public health under the three core functions of public health. These 
essential services include the following. (a) monitoring of health status to 
identify community health problems; (b) diagnosing and investigating health 
problems and health hazards in the community; (c) inform, educate, and 
empower people about health issues; (d) mobilize community partnerships to 
identify and solve health problems; (e) develop policies and plans that support 
individual and community health efforts; (f) enforce laws and regulations that 
protect health and ensure safety; (g) link people to needed personal health 
services and assure the provision of healthcare when otherwise not available; 
(h) assure a competent public health and personal healthcare workforce; (i) 
evaluate the effectiveness, accessibility, and quality of personal and population-
based health services; and (j) research for new and innovative solutions to 
health problems (Kukafka et al., 2007). 
 
Competency Development in Public Health and Public 
Health Informatics 
 
Capability has been posited as a determinant of individual job performance and 
the relationship between cognitive ability and work performance had been 
supported by a number of studies (Hwang, Kettinger, & Yi, 2010). In the 
American context, the Committee on Educating Public Health Professionals for 
the 21st Century (The Committee) reaffirmed the importance of developing the 
competencies of public health professionals in the traditional core public health 
areas of epidemiology, biostatistics, environmental health, health services 
administration and social and behavioral sciences. In addition, the committee 
submits that public health professionals will be even better prepared to address 
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the major health problems and challenges facing society if they achieve 
competency in eight content areas including informatics. The Committee pointed 
out that the capacity to perform the public health functions of assessment, policy 
development, and assurance is principally dependent upon information: “a basic 
understanding of informatics, the use of informatics tools, and interaction with 
informaticians are essential to carrying out these functions” (Committee on 
Educating the Public Health Professionals for the 21st Century, 2002, p. 62) 
Informatics competencies on all levels of the public health workforce have been 
identified as a key issue in promoting public health practice (Council on Linkages 
Between Academia and Public Health Practice, 2010; Committee on Educating 
the Public Health Professionals for the 21st Century, 2002). Turner et al. (2008) 
and Yasnoff et al. (2001) highlight that information technology and informatics 
training are vital to keeping the public health workforce informed and 
recommend that public health practitioners (which include nurses) need to be 
equipped with public health informatics competencies. 
The findings of the present action research are consistent with the above 
recommendations in the context of the practice of public health nursing in the 
ILTC sector of Singapore. The result of the quantitative aspect of this study 
indicated that nurse administrators with higher scores in public health nursing 
competency and public health informatics competency use the ILTC-IS to a 
greater extent. The qualitative findings based on the focus group discussions and 
qualitative interviews support the quantitative finding. The participants 
expressed that formal educational programs to develop the competence of nurse 
administrators in public health practice in general and public health informatics 
in particular is necessary for the optimal use of the ILTC-IS as a public health 
information system (see Appendix B as an illustrative example). 
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Strengths of the Study 
 
The review of literature indicates a lacuna in public health information behavior 
research that can inform the design and development of public health 
information systems that can enable the public health practice of nurse 
administrators. The present study led to the development of the Villanueva-Lim 
Public Health Information Behavior Model (Villanueva-Lim PHIB Model) (Figure 
1) to fill this knowledge gap.  
A key strength of this original study is the use of both the empiric and esthetic 
epistemology of nursing in generating the Villanueva-Lim Public Health 
Information Behavior Model; and in integrating the knowledge from 
multidisciplines to develop this model that enables the microevaluation of the 
task performance of public health practice by nurse administrators and the 
internal and external environment in which these tasks are performed. In 
addition to public health and nursing, these disciplines include: (a) business 
analytics; (b) change management; (c) econometrics;  (d) education; (e) health 
information management; (f) information science and technology; (g) library 
science; (h) organizational learning and development; and (i) public policy and 
management. 
The model can be used to guide the investigation of the relationship between the 
use of information systems and the public health practice of nurse 
administrators. The model can be used to identify the relevant predictors to be 
tested when developing explanatory and predictive models on the use of 
information systems by nurse administrators to promote population health and 
safety.  In turn, the model can inform the development, implementation and 
evaluation of national and organizational policies and programs to promote 
population health and safety via enabling the public health information behavior 
of these public health professionals.   
The Villanueva-Lim PHIB Model is scalable. In addition to nurses, the Villanueva-
Lim PHIB Model can also be adapted to be used in studying the public health 
information behavior of other public health professionals. It could also be 
adapted to develop a model of information behavior of nurses and other health 
professionals from other disciplines. For example, replacing, “public health 
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information behavior” to “critical care nursing information behavior” can carry 
this out. 
In order for the Villanueva-Lim PHIB model to be adapted in the context of 
critical care nursing, the core functions and tasks of critical care nursing needs to 
be delineated in a similar way that the core functions and tasks of public health 
as applied to nursing administration was delineated in the Villanueva-Lim PHIB 
Model. Predictors of the critical care nursing information behavior can be 
identified from the review of relevant literature. Where appropriate, existing 
measurement tools can be validated or new measurement tools can be 
developed and evaluated to measure these predictors. An explanatory model on 
the use of information systems for critical care nursing can be developed and 
tested. In turn, the results of such investigation can be used to validate the 
critical care nursing information behavior that can be used to inform the design, 
implementation, and evaluation of information systems to enable the effective, 
efficient practice of critical care nursing that is valued by a given society. 
In addition to the above, this present study made the following 4 contributions: 
(a) scale development and evaluation of the Public Health Nursing Scale (PHNS) 
for measuring public health nursing competency; (b) scale development and 
evaluation of the Public Health Informatics Scale for Effective Information 
Behavior (PHIS-EIB) for measuring public health informatics competency; (c) 
scale development and evaluation of the Healthcare Analytics Maturity for 
Effective Nursing Administration Scale (HAMENA Scale) for measuring 
healthcare business analytics maturity; and (d) the development of predictive 
models of the use of information systems  by ILTC nurse administrators for 
public health practice, i.e., needs assessment, policy development, and assurance.  
The valid and reliable measurement scales produced by the present study may 
be used by the investigator and other researchers to investigate the public 
health information behavior of nurse administrators in other settings, and with 
bigger and random samples to further generate knowledge and understanding of 
the public health information behavior of nurse administrators. The body of 
knowledge generated can inform not only the design, implementation and 
continuous improvement of health information systems to serve public health 
purposes; it can also inform what policy interventions need to be implemented 
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at the organizational, local, regional and national levels to promote population 
health and safety through enabling the public health information of nurse 
administrators across the various levels and settings of a national healthcare 
system, from primary and community care, secondary care, tertiary care, 
quaternary care, intermediate and long term care, and end-of-life care. 
The PHNS, the PHIS-EIB, and the HAMENA Scale could also be used by academic 
institutions and funders of educational programs. These valid and reliable 
measurement scales may be used in assessing the training and educational 
needs of pre-registration and post-registration nurses in public health, public 
health nursing, public health informatics, information technology, health care 
analytics and change management. The results of the educational and training 
needs assessment using these measurements scales can inform the development, 
implementation, evaluation and continuous improvement of curriculum, training  
and educational programs designed to enhance the use of information systems 
for public health practice and healthcare analytics through competency 
development. 
The HAMENA Scale can also be used by the following stakeholders in assessing 
the level of maturity of healthcare organizations in the various domains of 
healthcare business analytics: (a) chief executive officers, chief nursing officers 
and the chief information officers of local, regional and national health care 
systems; (b) developers and funders of information technology and healthcare 
analytics tools; (c) informaticians, designers of information systems, managers 
of health information systems; and (d) change management and organizational 
development specialists.  Knowledge gained from such assessments can inform 
the various stakeholders on what actions are needed to move an organization 
from one level of maturity to the next levels, in order to create an organizational 
environment that supports the practice of public health and promotion of 
population health and safety by nurse administrators. 
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Limitations of the Study and Recommendations for 
Future Research 
 
Although all the nurse administrators from the ILTC organizations were invited 
to participate through their Chief Executive Officers, only 17 out of the 70 
eligible organizations participated in the present study (24.20%). Although the 
organizational response rate is more than the 16% recommended to initiate 
innovation and change (Rogers, 2003), the sample that was composed of 74 
nurse administrators was non-probabilistic; hence there is a limitation to the 
generalizability of the findings of the present study. Most of the organizations 
that decline to participate have indicated that the time commitment required by 
participating actively in an action research was the main constraint to their 
participation. In view of this, future action research cycle could look into finding 
ways to designing a study protocol that will cater to organizations that face 
difficulty in releasing staff to participate in the study due to time constraint. 
It is therefore recommended to carry out in the future a cross sectional study 
with statistically powered random samples of nurse administrators across all 
the levels of the healthcare system (i.e. primary and community care, secondary 
care, tertiary care, quaternary care, intermediate and long term care, and end-of-
life care) to evaluate further the psychometric properties of the three scales used 
to measure the predictors, including the conduct of item analyses of the scales;  
and to test the hypotheses on the predictors of the public health information 
behavior of nurse administrators. This will enable generalizability of findings 
and the extension of the predictive model that was developed for the 
participating ILTC nurse administrators in this present study, to a predictive 
model that can inform future policy and program interventions to enable the 
public health information behavior of nurse administrators across the health 
care system. 
Another limitation is the lack of representation from the private organizations. 
The ILTC sector consists primarily of four types of organization in terms of 
regulatory environment: (1) voluntary welfare organizations that cater to 
patients that are receiving government subsidy and funding from charitable 
organizations for their care; (2) voluntary welfare organizations that cater  to  
 293 
patients that are receiving funding from charitable organizations only; (3) 
private service providers that cater to patients that are receiving government 
funding for their care; and (4) private service providers that care for patients 
that are not receiving government funding nor funding from charities for their 
care.  
None of the latter group of service providers participated in this study. This 
limited the present study in testing the hypothesis that the regulatory 
environment of a healthcare organization is a determinant of the public health 
information behavior of nurse administrators. Since the organizations that 
participated in this study face the same regulatory environment, the current 
study did not show a significant difference on the use of ILTC IS for public health 
nursing practice in terms of the regulatory environment of the nurse 
administrator’s organization as earlier hypothesized. Future action research 
cycles could look into finding ways to encourage the participation of this group 
of nurse administrators to enable the generation of knowledge on the impact of 






This research investigated the information behavior ILTC nurse administrators 
when they perform the three core functions of public health, i.e., needs 
assessment, policy development, and assurance, in order to protect the health 
and to ensure the safety of the population of ILTC patients.  
Based on the review of the theoretical and empirical literature on information 
behavior that are relevant to the current research, a schematic model of public 
health information behavior was developed (see Figure 1). The schematic model 
provided the conceptual framework for identifying the predictors, barriers, and 
facilitators to the use of ILTC-IS for public health nursing practice of the ILTC 
nurse administrators. The facilitation of public health information behavior, 
including the design and implementation of information systems in order to 
“create value” over time is a continuous process and can be carried out through 
iterative participatory action research (see Figure 9).  
Based on the findings of the present study, implications were drawn and 
recommendations were made on how to enhance clinical and public health 
related information systems to enable the successful performance of the public 
health functions by the ILTC nurse administrators. The results and 
recommendations of this study could be used as an input to the design and 
development of health information systems that seeks to enable the public 
health practice of ILTC nurse administrators at the organizational, regional and 
national levels; and to the management of change strategies designed to 
facilitate the adoption and use of these information systems by the nurse 
administrators across the levels of care of the Singapore healthcare system, from 
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Appendix B: Transcript of On-Site Focus Group 
Discussion for One Institution 
 
A total of 17 on-site focus group discussions were held. The following transcript 
recorded the focus group discussion in one of the institutions. 
Investigator:  Thank you X and Y for agreeing to participate in this on-site 
focus group discussion which is part of the study on the 
information behavior of nurse administrators. This focus 
group will be conducted in English. This focus group 
discussion will focus on the following: (a) collaborative 
reflection on the results of the baseline study; and (b) based 
on the collaborative reflection, develop action plans using the 
logic model to improve the use of the ILTC-IS to promote 
public health practice in yo 
X and Y: We are happy to be of help in enhancing the ILTC-IS to meet 
the needs of the sector. Thank you too for coming down to 
meet with us too to gather our needs for the kind of 
information system that is helpful to us. 
Investigator: I have shared these results of the baseline assessment during 
the focus group at MOH that you were not able to attend.  May 
I please go through with you the same set of presentations on 
the results of the competency assessments of the public health 
nursing and public health informatics of the ILTC nurse 
administrators, as well as the assessment of the results of the 
assessment of the healthcare analytics maturity of the ILTC 
organizations?  
 
 As I present the results, may I request that you reflect on these 
baseline assessments with a view to answer the following 
questions: (a) “What do we learn as the barriers and 
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facilitators that promotes the use of ILTC-IS by nurse 
administrators when they are carrying out the public health 
functions of needs assessment, policy development and 
assurance?; and (b) Reflecting on the results of the survey; and 
your own experience in using the ILTC-IS, what do you 
identify as the barriers that limit;  and the facilitators that 
promotes your use of ILTC-IS as nurse administrators when 
you are carrying out the public health functions of needs 
assessment, policy development and assurance? 
 Following the slide presentation, I will also be asking the 
approaches you take in sourcing and using the data from the 
ILTC-IS in order to fulfill your public health related 
information needs. 
(Investigator presented the results of the baseline 
assessments with X and Y using slide presentations. The 
following discussions transpired during the slide 
presentation) 
Investigator: Which of the following ways do you access the data and 
statistics contained in the ILTC-IS to meet your data and 
information needs to carry out needs assessment: (a) by 
yourself; or (b) through another officer; or (c) by yourself and 
through another officer; or (d) not at all. 
X: During the early years, I access the ILTC-IS all by myself. I was 
responsible for entering all the data from clinical, manpower, 
patient movements and submission of subvention claims. I am 
able to see everything since my access rights is that of the 
administrator. However, since last year, there were changes. 
The administrator is now our colleague from Finance and 
Administration and I can only access the screens for entering 
the risk assessments and the occurrence of the clinical 
indicators. For me, a key barrier is access to the clinical 
reports in the ILTC-IS. The clinical module must be open to the 
nursing staff not only to enter the data but also to access the 
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clinical indicator reports. I understand that one must have a 
token for anyone that need to access the ILTC-IS. It is 
expensive, so only one is available for use in our organization, 
primarily to use the ILTC-IS to submit our subvention claims. 
Y: As a manager of the clinical services at the ground level, I need 
statistical reports in real time. There must be access by the 
head of nursing service such as myself to the ILTC-IS 
whichever ward I make my rounds. This will   help me to 
generate real time reports on the fly so that I can have 
situational awareness of a particular ward and act accordingly. 
Based on these reports, say by ward, I can zoom into areas of 
need of the ward I am visiting and have a discussion with my 
staff on what can we do together to address issues that we see 
in clinical care based on the statistical reports. In line with 
this, to ensure that our interventions in preventing nurse-
sensitive indicators are evidence-based, I also want to 
highlight that there is a need for the existing national clinical 
practice guidelines concerning falls and pressure sore 
prevention to be updated based on the latest evidence. Once it 
is updated, this must be taught nation-wide for adoption to 
clinical setting by all and must be accessible through the 
system. Then, any staff can access these guidelines and will 
know what to do to prevent the occurrence and also to be able 
to manage those who have fallen or have developed pressure 
sores. 
 (Paused) 
 However, currently, I am unable to access the ILTC-IS with my 
staff in this way. It will be good if that feature is available in 
the enhanced ILTC-IS. 
Investigator: Thank you for the suggestion. Are there any data you need to 
assess the risk of your patients experiencing nurse-sensitive 
events but they are currently not in the ILTC-IS? 
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X: There are risk assessment forms in the ILTC-IS but they do not 
address the hospice patients adequately. The profile of 
patients on hospice care is different.  
 The Braden Scale and the falls assessment form in the ILTC-IS 
need to be updated to include hospice related predictors of 
falls and bed sores. For instance, SOB (i.e., X is referring to 
shortness of breath) is a key predictor of the development of 
pressure sore towards the end of life based on our repeated 
observations of many patients. When patients has SOB, they 
cannot be turned every so often to prevent bed sore, hence, 
our incidence of bed sores goes up when we have such 
patients. Patients with COPD are especially prone to bedsores 
because they do not want to move. 
 In terms of falls, our patients are at risk because they are 
receiving medications for palliation that affects their gait; 
hence our falls rate also goes up. Based on these observations, 
I have developed a falls risk assessment based on the one that 
is in the ILTC-IS but I have adapted it to hospice setting to help 
me alert my staff what to watch out for in order to prevent 
falls. 
Investigator: Thank you for this input on what to enhance in the ILTC-IS to 
improve your risk assessment and prevention strategies for 
hospice patients. Since there are also patients on hospice care 
in other long term care institutions, is it alright to share this 
form with the rest of the ILTC sector? 
X: Certainly. (X has given the investigator a copy of the form being 
referred to be shared with the other healthcare institutions).  
Investigator: How about your information needs for policy development 
and manpower planning to ensure appropriate staffing? Do 
you use the ILTC-IS for this purpose? 
Y: I do not access the ILTC-IS for manpower planning because we 
have our own in-house system for this purpose. I work closely 
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with my HR Department (Y was referring to the Human 
Resource Department). However, for policy development, it 
will be good to have regular reports on the relationship 
between our staffing patterns and the clinical indicators we 
are monitoring. That and the availability of updated clinical 
practice guidelines will be very helpful to us and to the rest of 
the sector and the acute care sector. That will standardize 
nursing care across the country and ensure all patients under 
out care are safe and cared for properly. 
Investigator: I am taking note of your specific suggestions so that they can 
be given as inputs to the development of the enhanced ILTC-IS. 
Could we now move on to review the logic model that was 
developed by focus group participants that attended the focus 
group session held at MOH?  
X and Y: Certainly 
Investigator: During the focus group session at MOH, based on the collective 
reflection on the results of the baseline survey, we identified 
the facilitators and barriers to the use of the ILTC-IS for public 
health practice by nurse administrators. Thereafter, we 
developed together this logic model to address the barriers 
and to promote the facilitators 
(Investigator showed X and Y the draft logic model developed 
collaboratively between the investigator and the participants 
that attended the focus group discussion held at MOH) 
 As I go through the logic model with you, may I request you for 
the following: (a) clarify with me whether the facilitators and 
barriers they identified is the same with those you experience 
when using the ILTC-IS for public health practice; and (b) give 
me feedback on the specific actions to be taken to enhance 
your use of the ILTC-IS for public health practice. 
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X and Y: Ok.  
Investigator: The results of the baseline surveys  indicate that apart from 
job roles, the two main determinants of the use of ILTC-IS by 
the ILTC nurse administrators are (a) the knowledge 
processes in an organization ; and (b) the level of knowledge 
and skills of nurse administrators in public health and public 
health informatics. Specifically, the results indicated that the 
nurse administrators need training to enhance their skills in 
three areas: (a) public health practice; (b) public health 
informatics; and (c) healthcare  analytics  such as the use of 
statistical softwares in order to be able to optimize the use of 
ILTC-IS to protect the health and ensure the safety of the 
population of patients in the ILTC sector.  
 Could you share your thoughts on what can be done to 
enhance the skills of nurse administrators in these areas? 
Y: Training is definitely needed. It will also be good if the 
Ministry of Health can provide the sector access to statistical 
software for the ILTC nurse administrators to use. Currently, 
we only have one license for SPSS that our doctor uses for his 
research. It will be good if we acquire license for SPSS to be 
used by the nurse administrators too so that we can perform 
the necessary analyses to perform our public health functions.  
 In terms of courses, when doing manpower planning, we need 
to look into the skills development, not only the number of 
staff. Courses in public health and community nursing will be 
helpful to skill our staff. Community Health Nursing is already 
being taught in one of our polytechnics as a specialist diploma. 
The topics are covered in 6 months for nurses that are in home 
care and polyclinics. This should be made available for as 
many nurses in the ILTC sector too. However, we can only 
release limited number of staff to go for this training given the 
tight staffing situations.  
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Investigator: Do you have any suggestions for making courses in public 
health and health informatics be made more accessible to the 
ILTC nurse administrators? 
Y: We can only do so much training given the tight staffing 
situation. Releasing staff for courses held outside the premises 
is a limiting factor. May I recommend that these courses on 
public health and community nursing and data analysis be 
given on a modular basis and be held in facilities that is 
central. What I mean is that the courses can be held in-house, 
or in a central location, say in an ILTC institution that is 
located near the MRT so that more nurses can attend and 
receive training. 
 In addition, although these courses are being held outside the 
premises of the formal school, the staff attending these 
courses must be given academic credits too so that there is a 
motivation for them to attend it on their own time, in addition 
to official time. 
 For instance, there is a palliative nursing course that my 
nurses are currently attending, partly on their own time and 
partly official time. We pay for their fees and release them for 
training for a full day on Saturday and they then attend the 
rest of the sessions on their time after the morning shift. They 
like to attend the course even if it means attending after work 
because they can earn academic credits. This course is also 
recognized worldwide. I anticipate that a similar package on 
public and community health nursing and health informatics 
will be well subscribed also if they are to receive some form of 
recognition and funding. 
Investigator: Thank you for your inputs. We have come to the end of the 
interview. Are there any further comments you want to make? 
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X: Making the clinical reports available to be accessed by every 
ward manager at least is going to be helpful to us. Making 
training accessible to us will really be helpful too. Our place 
can be used as a training venue too if that will be helpful for 
the sector, or at the community hospital near us since they are 
nearer to the MRT. 
Investigator: Thank you for your kind offer. I will communicate your 
recommendations to the relevant parties. See you during our 
next action research cycle. Bye. 
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Appendix C: Permission from Public Health Foundation 
 
On Tue, Oct 25, 2011 at 10:48 PM, Kathleen Amos <KAmos@phf.org> wrote: 
Dear Genedine, 
 Thanks so much for your follow-up email. It was lovely to speak with you 
yesterday and please accept my apologies for the delay in my reply. 
 As you know, the Council on Linkages’ Core Competencies for Public Health 
Professionals are available on our website, with information about the 
competency development initiative at 
http://www.phf.org/programs/corecompetencies and the Core Competencies 
themselves at 
http://www.phf.org/resourcestools/Pages/Core_Public_Health_Competencies.a
spx. You are correct that the latest version of the Core Competencies is from 
2010. This version was adopted by the Council on Linkages on May 3, 2010 and 
is not scheduled for potential revision until 2013. Barring any major 
developments, the Core Competencies will remain as written for the next two 
years. That said, we are working on developing a number of tools to help public 
health practitioners more easily use the Core Competencies, including 
developing additional examples, or “e.g.s,” to clarify some of the wording in 
individual competencies, examples of how public health professionals can 
demonstrate that they have attained competence in an area, and an assessment 
tool that will allow people to rate themselves on their skills/knowledge related 
to the competencies. All of these tools will be posted on our website 
(http://www.phf.org/programs/corecompetencies/Pages/Core_Public_Health_C
ompetencies_Tools.aspx) as they become available. 
 The Core Competencies document that is available on our website 
(http://www.phf.org/resourcestools/Pages/Core_Public_Health_Competencies.a
spx) actually contains three copies of the Core Competencies with the only 
difference between them being whether and how examples (“e.g.s”) are 
embedded. I’ve attached the single copy that we use most often as you might find 
this easier to work with. The content is the same, but without the repetition.  
 Currently, the best way to stay up to date on developments involving the Core 
Competencies (other than checking our website) is to sign up for the Council on 
Linkages Update, the Council’s monthly newsletter which contains information 
related to the Core Competencies and other Council on Linkages initiatives. A 
recent example of the Update can be found at 
http://www.phf.org/news/Pages/Council_on_Linkages_Update_2011October.as
px. Please let me know if you are interested and I’ll add you to our contact list. 
 I will also send a message with your proposal to the Quad Council and the folks 
in North Carolina who are working on the self-assessment tool and will let you 
know what I hear back from them.  
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 I hope I’ve addressed all of your questions, but if not or if you have others, 
please don’t hesitate to contact me. We are very interested in your proposed 
work and do hope you will keep us updated on your progress and consider 
sharing your results. I suspect there may be others within our competency 
development community who would be interested as well. Thanks once again for 
your interest in the Core Competencies, good luck with your thesis work, and 
please let me know if we can be of further assistance. 
Best regards, 
Kathleen 
 Kathleen Amos, MLIS 
Project Manager 
Council on Linkages Between Academia and Public Health Practice 
Public Health Foundation 
1300 L Street NW, Suite 800 





At the 2011 APHA Annual Meeting & Exposition, PHF will be presenting the 
latest in public health quality improvement and workforce development. Find 
out more about our presentations and we look forward to answering your 
questions at our sessions and at our exhibit (Booth #6047). 
 From: Genny Lim [mailto:ggavlim@gmail.com]  
Sent: Monday, October 24, 2011 12:01 PM 
To: Kathleen Amos 
Cc: Genedine LIM (MOH); Prof Sally Chan; Dr. Danny Poo NUS School of 
Computing 
Subject: Greetings from Mrs. Genedine Lim of the Republic of Singapore 
 Dear Kathleen, 
 
I am communicating with you via my personal e-mail as it is night time here in 
Singapore. I work for the Ministry of Health, Republic of Singapore and my office 
e-mail (which I copied here) is genedine_lim@moh.gov.sg. I have also copied this 
e-mail to my Thesis supervisors, Prof Sally Chan and Prof Danny Poo to keep 
 332 
them informed of the approval to use the public health core competencies in my 
study. 
 
Thank you very much indeed for responding to my call today and the permission 
to use the core competencies developed by the Council on Linkages for my PhD 
thesis and to validate and adapt it for local use in an international setting - i.e. 
Singapore. 
 
May I take this opportunity to introduce myself and my PhD topic. 
 
I am the Assistant Director for Health Information Division of our Ministry of 
Health who led the design, development and implementation of our national 
Intermediate and Long Term Care Information System (ILTC IS), which is now 
about two and a half years old. To enhance the use of this system by Nurse 
Administrators, I am investigating the public health related information 
behavior of the nurse administrators of our intermediate and long term care 
health care system (some 105 institutions). Part of my hypotheses is that the use 
of the ILTC IS is correlated with the level of Public Health competencies of the 
Nurse Administrators. 
 
I have visited your website and have found the application of the core 
competencies to Public Health Nursing (1) by the Quad Council and (2) by the 
State of North Carolina directly relevant to my PhD topic. In my research 
proposal that was approved by my University’s IRB (i.e. National University of 
Singapore), I have indicated that I will be adapting the core competencies 
developed by the Council of Linkages and as applied to public health nursing by 
the Quad Council, and the self assessment tool that is made available on the 
website by the State of North Carolina. I do not have any contact information 
from the Quad Council nor the State of North Carolina. In view of this, may I 
please request your kind assistance to communicate with them of my intent and 
whether they have any objection to my request?  
 
May I clarify that the latest version of the core competencies is as at Dec 31, 
2010? Would appreciate any further information and introduction to website/ 
resource links that I could access to have the latest information on the 
development of the core competencies in general and as it is applied to public 
health nursing in particular. 
 
You are doing a great job in the US in defining the public health core 
competencies. I hope that the validation, adaptation and use of the core 
competencies in an international setting such as in my city state of Singapore to 
promote public health, will be a source of encouragement to all of you who have 
made the core competencies possible, to continue with the good work you have 
started. 
May I close to wish the Council on Linkages, the Quad Council and PHF success in 
promoting the use of the core competencies to promote public health in the US 





PS - Following are my contact particulars 
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Public Administration Appointment: 
Mrs. Genedine Lim, RN, MSN, MPP, MHlthEcon 
Assistant Director (Health Information), Ministry of Health, Republic of 
Singapore 
Head (Covering) Research and Statistics Unit 
Desk Head ( Intermediate and Long Term Care) 
Desk Head (Data Standards and Data Dictionary 




Adjunct  Assistant Professor (Public Policy Analysis, Health Economics and 
Health Informatics) 
Alice Lee Centre for Nursing Studies 
Yong Loo Lin School of Medicine 
National University of Singapore 
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Appendix D: Permission from SAS 
 
From: Julie Platt [mailto:Julie.Platt@sas.com]  
Sent: Tuesday, 19 July, 2011 1:51 AM 
To: Genedine LIM (MOH) 
Subject: Permission Request for Information Revolution 
Good day, Ms. Lim. 
 Thank you for contacting SAS Institute with your request for permission to 
develop a questionnaire based on Chapter 3, “On the Levels: Information 
Evolution in the Real World.” This questionnaire will be completed by study 
participants of your PhD research to assess their organizational maturity in 
terms of business analytics.  
 
 SAS Institute grants you permission to use this content to develop your 
questionnaire. Please include this credit line in your questionnaire: 
 
 This questionnaire is based on content explained in Chapter 3, “On the Levels: 
Information Evolution in the Real World” from Information Revolution: Using the 
Information Evolution Model to Grow Your Business Copyright © 2006 SAS Institute 
Inc., Cary, NC, USA. Reprinted with permission. All rights reserved. 
  
We wish you much success with your research! Please let us know if we can be of 
further assistance. 




Julie McAlpine Platt  
Editor-in-Chief, SAS Press Series ▪ SAS Publishing  
Tel: + 1 919 531 7447 ▪ Fax: 1 919 677 4444 ▪ julie.platt@sas.com  
SAS Headquarters ▪ SAS Campus Drive ▪ Cary, NC, 27513  
www.sas.com  
SAS® … THE POWER TO KNOW®  
This message and any attachments contain information that may be confidential and privileged. Unless 
you are the addressee (or authorized to receive for the addressee), you may not use, copy, print or 
disclose to anyone the message or any information contained in the message. If you have received this e-
mail in error, please advise the sender by reply and delete the message and any attachments. Thank you. 
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Appendix E: Use of ILTC-IS for Public Health Nursing 
Scale 
 
1.  Needs Assessment 
 Overall, to what degree do you use the data & statistics in the ILTC-IS to assess 
the risks for falls, infections, pressure ulcers, scabies and hospitalization 
among the population of patients that your organization serves? 
1☐ I do not use the data & statistics from the ILTC IS at all  
 Please provide further comments why you do not use the data & 






2☐ I use the data & statistics in the ILTC IS to a little extent 
3☐ I use the data & statistics in the ILTC IS to some extent 
4☐ I use data & statistics in the ILTC IS to a great extent 
 
2. Policy Development 
 Overall, to what degree do you use the data & statistics in the ILTC IS when 
evaluating and recommending policies and programmes to prevent the 
occurrence of falls, infections, pressure ulcers, scabies and unplanned 
hospitalization among the population of patients that your organization 
serves? 
1☐ I do not use the data & statistics from the ILTC IS at all  
 Please provide further comments why you do not use the data & 







2☐ I use the data & statistics in the ILTC IS to a little extent 
3☐ I use the data & statistics in the ILTC IS to some extent 
4☐ I use data & statistics in the ILTC IS to a great extent 
 
3.  Assurance through Manpower Planning 
 Overall, to what degree do you use the data & statistics in the ILTC IS when 
carrying out manpower planning?  
1☐ I do not use the data & statistics from the ILTC IS at all  
 Please provide further comments why you do not use the data & 






2☐ I use the data & statistics in the ILTC IS to a little extent 
3☐ I use the data & statistics in the ILTC IS to some extent 
4☐ I use data & statistics in the ILTC IS to a great extent 
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Appendix F: Public Health Nursing Scale (PHNS) 
 
 
This questionnaire consists of 8 domains and begins here. Please indicate your level 
of agreement with each statement using the following rating scale: 
NA None Awareness Knowledgeable Proficient 
0 1 2 3 4 
This knowledge/ 
skill is not 
applicable to my 
job 




I have heard of 
it; I have limited 
knowledge and/ 




I am comfortable 
with my 
knowledge and/ or 
my ability to apply 
the skill 
I am very 
comfortable; I 
am an expert in 
this area; I could 
teach this to 
others 
 































0 1 2 3 4 
1 To what degree are you able to manage programmes 
within budget constraints 
     
2 To what degree are you able to develop and present 
a budget? 
     
3 To what degree are you able to develop strategies for 
determining budget priorities? 
     
4 To what degree are you able to monitor programme 
performance? 
     
5 To what degree are you able to apply budget 
processes? 
     
6 To what degree are you able to prepare proposals for 
funding from external sources? 
     
7 To what degree are you able to apply basic human 
relations skills to the management of organisations, 
motivation of personnel and resolution of conflicts? 
     
8 To what degree are you able to negotiate and 
develop contracts and other documents for the 
provision of population-based services? 
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9 To what degree are you able to conduct the various 
methods for economic evaluation, i.e. cost-
effectiveness analysis, cost-benefit analysis and cost-
utility analysis? 
     
10 To what degree are you able to facilitate 
collaboration with internal and external groups to 
ensure participation of key stakeholders? 
     
11 To what degree are you able to manage information 
systems for collection, retrieval and use of data for 
decision-making? 
     
12 To what degree are you able to create a culture of 
ethical standards within organizations and 
communities? 
     
13 To what degree are you able to promote team and 
organizational learning? 
     
14 To what degree are you able to identify internal and 
external issues that may impact delivery of essential 
public health services (i.e. strategic planning)? 
     
15 To what degree are you able to apply theory or 
organizational structures to professional practice? 
     
16 To what degree are you able to contribute to the 
development, implementation, and monitoring of 
organizational performance standards? 
     
17 To what degree are you able to help create key 
values and shared vision and use these principles to 
guide actions? 
     
18 To what degree are you able to use the legal and 
political system to effect change? 
     
 































0 1 2 3 4 
1 To what degree are you able to articulate the legal 
implication of each policy option? 
     
2 To what degree are you able to articulate social 
implication of each policy option? 
     
3 To what degree are you able to articulate the 
political implication of each policy option? 
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4 To what degree are you able to articulate the health 
implication of each policy option? 
     
5 To what degree are you able to determine the 
feasibility and expected outcomes of policy options? 
     
6 To what degree are you able to articulate the 
administrative implication of each policy option? 
     
7 To what degree are you able to articulate the 
financial implication of each policy option? 
     
8 To what degree are you able to translate policy into 
organizational plans, structures and programmes? 
     
9 To what degree are you able to identify, interpret 
and implement public health laws, regulations and 
policies related to specific programmes? 
     
10 To what degree are you able to state policy options 
and write clear and concise policy statements? 
     
11 To what degree are you able to develop, implement 
and evaluate community health assessment? 
     
12 To what degree are you able to develop a plan to 
implement a policy, including goals, outcome and 
process objectives and implementation plan? 
     
13 To what degree are you able to develop mechanisms 
to monitor and evaluate programmes for their 
effectiveness and quality? 
     
14 To what degree are you able to utilise current 
techniques in decision analysis and health planning? 
     
15 To what degree are you able to decide on the 
appropriate course of action? 



































0 1 2 3 4 
1 To what degree are you able to apply the science of 
prevention of infectious disease to promote the 
public’s health? 
     
2 To what degree are you able to apply environmental 
public health (e.g. principles and practice of 
sanitation) to promote the public’s health? 
     
3 To what degree are you able to apply the science of 
prevention of injuries to promote the public’s health? 
     
4 To what degree are you able to identify and retrieve 
current relevant scientific evidence? 
     
5 To what degree are you able to apply epidemiology 
to promote the public’s health? 
     
6 To what degree are you able to apply the science of 
prevention of chronic disease to promote the public’s 
health? 
     
7 To what degree are you able to develop a 
professional commitment to rigorous critical 
thinking? 
     
8 To what degree are you able to understand the 
historical and current developments of public health 
nursing? 
     
9 To what degree are you able to identify the 
limitations of research and the importance of 
observations and interrelationships? 
     
10 To what degree are you able to identify and apply 
basic research methods used in public health? 
     
11 To what degree are you able to apply social sciences 
to promote the public’s health? 
     
12 To what degree are you able to apply behavioural 
sciences to promote the public’s health? 
     
13 To what degree are you able to apply biostatistics to 
promote the public’s health? 
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0 1 2 3 4 
1 To what degree are you able to identify relevant 
public health related data and information sources 
with regard to the population that your organization 
serves? 
     
2 To what degree are you able to explain the 
appropriate uses and limitations of qualitative data? 
     
3 To what degree are you able to evaluate the 
comparability of data (i.e. that the way data are 
defined and measured across time and across 
organizations are the same, hence can be 
compared)? 
     
4 To what degree are you able to explain the 
appropriate uses and limitations of quantitative 
data? 
     
5 To what degree are you able to evaluate the integrity 
(i.e. accuracy) of data? 
     
6 To what degree are you able to make inferences from 
quantitative data? 
     
7 To what degree are you able to partner with the 
population you serve to interpret collected data? 
     
8 To what degree are you able to identify gaps in data 
sources? 
     
9 To what degree are you able to make inferences from 
qualitative data? 
     
10 To what degree do you know how to apply ethical 
principles to the collection, maintenance, use and 
dissemination of data and information? 
     
11 To what degree are you able to define the indicators 
to be collected in order to describe the health 
problems among the population that your 
organization serves (e.g., fall rate, pressure ulcer 
rate, hospitalisation rate, etc.)? 
     
12 To what degree are you able to use information 
technology to collect, store and retrieve data? 
     
13 To what degree are you able to define the health 
problems of the population that your organization 
serves? 
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14 To what degree are you able to obtain and interpret 
information regarding risks and benefits to the 
community? 
     
 
Domain 5: Assessment of the Health Status & Understanding the Factors 































0 1 2 3 4 
1 To what degree are you able to define, assess, and 
understand the determinants of health and illness 
and factors contributing to health promotion and 
disease prevention? 
     
2 To what degree are you able to define, assess, and 
understand the health status of the population you 
serve? 
     
3 To what degree are you able to describe the role of 
government in enabling the delivery of health 
services to the population you serve? 
     
4 To what degree are you able to define, assess, and 
understand the factors influencing the use of health 
services by the population of patient you serve? 
     
5 To what degree are you able to identify your 
individual responsibility (as a Nurse Administrator) 
and your organisation’s responsibility, with regard to 
(a) assessing the health status of the population you 
serve (b) developing policies and programmes to 
meet these health care needs, and (c) assuring the 
availability of manpower and quality of health 
services to the public? 
     
6 To what degree are you able to identify community 
assets and available resources? 
     
7 To what degree are you able to integrate the roles of 
government and non-governmental organizations in 
the delivery of community health services? 




Domain 6: Recognition of How Data Illuminate Economic, Political, Scientific, 































0 1 2 3 4 
1 To what degree are you able to recognize how data 
illuminates public health related economic issues? 
     
2 To what degree are you able to recognize how data 
illuminates public health related political issues? 
     
3 To what degree are you able to recognize how data 
illuminates public health related scientific issues? 
     
4 To what degree are you able to recognize how data 
illuminates public health related ethical issues? 
     
5 To what degree are you able to recognize how data 
illuminates public health related social issues? 
     
6 To what degree are you able to recognize how data 
illuminates overall public health issues? 
     
 

































0 1 2 3 4 
1 To what degree are you able to communicate 
effectively in oral form? 
     
2 To what degree are you able to communicate 
effectively in written form? 
     
3 To what degree are you able to solicit input from 
individuals and organizations? 
     
4 To what degree are you able to lead and work with 
groups to address specific health issues? 
     
5 To what degree are you able to advocate for public 
health programmes and resources? 
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0 1 2 3 4 
1 To what degree are you able to utilize appropriate 
methods for interacting sensitively, effectively and 
professionally with persons from diverse cultural, 
socioeconomic, educational, racial, ethnic, and 
professional backgrounds, and persons of all ages and 
lifestyle and preferences? 
     
2 To what degree are you able to understand the 
factors contributing to cultural diversity? 
     
3 To what degree are you able to develop and adapt 
approaches to problems that take into consideration 
cultural differences? 
     
You have reached the end of the questionnaire. 
The PHNS was developed by G. Villanueva-Lim based on the 2001 Core Competencies for 
Public Health Professionals from the Council on Linkages Between Academia and Public 
Health Practice (2001). Core competencies of public health professionals. Washington, DC: 





Appendix G: The Public Health Informatics Scale for 
Effective Information Behavior  (PHIS-EIB) 
 
This questionnaire consists of 7 domains and begins here. Please indicate your level 
of agreement with each statement using the following rating scale: 
NA None Awareness Knowledgeable Proficient 
0 1 2 3 4 
This knowledge/ 
skill is not 
applicable to my 
job 




I have heard of 
it; I have limited 
knowledge and/ 




I am comfortable 
with my 
knowledge and/ or 
my ability to apply 
the skill 
I am very 
comfortable; I 
am an expert in 
this area; I could 
teach this to 
others 
 































0 1 2 3 4 
1 To what degree are you able to make inferences from 
quantitative data? 
     
2 To what degree are you able to partner with the 
population you serve to interpret collected data? 
     
3 To what degree are you able to identify gaps in data 
sources? 
     
4 To what degree are you able to explain the 
appropriate uses and limitations of quantitative 
data? 
     
5 To what degree are you able to explain the 
appropriate uses and limitations of qualitative data? 
     
6 To what degree are you able to make inferences from 
qualitative data? 
     
7 To what degree do you know how to apply ethical 
principles to the collection, maintenance, use and 
dissemination of data and information? 
     
8 To what degree are you able to evaluate the integrity      
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(i.e. accuracy) of data? 
9 To what degree are you able to use information 
technology to collect, store and retrieve data? 




































0 1 2 3 4 
1 To what degree are you able to recognize how data 
illuminates public health related economic issues? 
     
2 To what degree are you able to recognize how data 
illuminates public health related scientific issues? 
     
3 To what degree are you able to recognize how data 
illuminates public health related political issues? 
     
4 To what degree are you able to recognize how data 
illuminates overall public health issues? 
     
5 To what degree are you able to recognize how data 
illuminates public health related social issues? 
     
6 To what degree are you able to recognize how data 
illuminates public health related ethical issues? 
     
7 To what degree are you able to collect, summarize 
and interpret information relevant to a public health 
issue? 
     
8 To what degree are you able to obtain and interpret 
information regarding risks and benefits to the 
community? 
     
9 To what degree are you able to utilize current 
techniques in decision analysis and health planning? 




































0 1 2 3 4 
1 To what degree are you able to define, assess, and 
understand the determinants of health and illness 
and factors contributing to health promotion and 
disease prevention? 
     
2 To what degree are you able to define, assess, and 
understand the factors influencing the use of health 
services by the population of patient you serve? 
     
3 To what degree are you able to define, assess, and 
understand the health status of the population you 
serve? 
     
4 To what degree are you able to identify your 
individual responsibility (as a Nurse Administrator) 
and your organization’s responsibility, with regard to 
(a) assessing the health status of the population you 
serve (b) developing policies and programmes to 
meet these health care needs, and (c) assuring the 
availability of manpower and quality of health 
services to the public? 
     
5 To what degree are you able to develop, implement 
and evaluate community health assessment? 
     
6 To what degree are you able to present accurate 
demographic, statistical, programmatic and scientific 
information for professional and lay audiences? 
     
7 To what degree are you able to use the media, 
advanced technologies, and community networks to 
communicate information? 





Domain 4: Competence in Promoting Public Health Through the Use of the 































0 1 2 3 4 
1 To what degree are you able to apply the science of 
prevention of infectious disease to promote the 
public’s health? 
     
2 To what degree are you able to apply the science of 
prevention of injuries to promote the public’s 
health? 
     
3 To what degree are you able to apply the science of 
prevention of chronic disease to promote the 
public’s health? 
     
4 To what degree are you able to apply environmental 
public health (e.g. principles and practice of 
sanitation) to promote the public’s health? 
     
 
Domain 5: Competence in the Use of Research, Epidemiology, Biostatistics, 































0 1 2 3 4 
1 To what degree are you able to identify the 
limitations of research and the importance of 
observations and interrelationships? 
     
2 To what degree are you able to apply epidemiology to 
promote the public’s health? 
     
3 To what degree are you able to identify and retrieve 
current relevant scientific evidence? 
     
4 To what degree are you able to apply biostatistics to 
promote the public’s health? 
     
5 To what degree are you able to identify and apply 
basic research methods used in public health? 
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6 To what degree are you able to apply social sciences 
to promote the public’s health? 
     
7 To what degree are you able to apply behavioral 
sciences to promote the public’s health? 
     
 
 































0 1 2 3 4 
1 To what degree are you able to manage information 
systems for collection, retrieval and use of data for 
decision-making? 
     
2 To what degree are you able to conduct the various 
methods for economic evaluation, i.e. cost-
effectiveness analysis, cost-benefit analysis and cost-
utility analysis? 
     
3 To what degree are you able to promote team and 
organizational learning? 
     
4 To what degree are you able to identify internal and 
external issues that may impact delivery of essential 
public health services (i.e. strategic planning)? 
     
 
 































0 1 2 3 4 
1 To what degree are you able to communicate 
effectively in oral form? 
     
2 To what degree are you able to communicate 
effectively in written form? 
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You have reached the end of the questionnaire. 
The PHIS was developed by G. Villanueva-Lim based on the 2001 Core Competencies for 
Public Health Professionals from the Council on Linkages Between Academia and Public 
Health Practice (2001). Core competencies of public health professionals. Washington, DC: 




Appendix H: Healthcare Analytics Maturity for Effective 
Nursing Administration (HAMENA Scale) 
 
This questionnaire consists of 7 domains and begins here. Please indicate your level 
of agreement with each statement using the following rating scale: 
5 4 3 2 1 

















































5 4 3 2 1 
1 We have a participative management style and 
our organizational culture is very collaborative and 
supportive. 
     
2 We have a culture of innovation that accepts that 
failures are inevitable and used as learning 
experiences. The results of these learning 
experiences are documented and shared as 
organizational knowledge, further developing the 
corporate culture. 
     
3 Strategic thinkers are valued as visionaries, and 
their ideas are given a chance to be tried out. 
     
4 The infrastructure promotes widespread sharing 
of internal and external information that 
facilitates our employees to share their experiences 
and fine-tune our organization's clinical, operational 
and administrative processes for our organization 
to continuously improve. 
     
5 In our organization, information is valued as highly 
as physical asset 
     
6 Decisions whether to pursue or not a given proposal 
to improve our organizational performance are 
based on descriptive and predictive analytics 
that include data from sources inside and outside 
the company. 
     
7 Processes are well defined and people are clear 
about their roles and how they contribute to the 
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organization’s success. 
8 People think like out-of-the box geniuses but act like 
team contributors with a common end goal. 
     
9 Decisions whether to pursue or not a given proposal 
to improve our organizational performance are 
based on descriptive and predictive analytics 
that include data from all our relevant clinical, 
operational, finance and other admin processes that 
are involved in our service development and 
provision. 
     
10 We make efforts to attract and reward staff who 
can synthesize information and ideas from 
multiple industries, and interpret these to propose 
new and viable ideas to enhance the performance of 
our organization. 
     
11 We never stop innovating to be the market leader.      
12 Everyone in the organization is encouraged to 
constantly offer up new ideas, which can be 
modelled mathematically to identify the ones that 
will enable our organization to move forward to 
perform better in its clinical performance and 
market leadership. 
     
13 Employees are empowered with autonomy and 
authority to do what is right for the organization. 
     
14 Change is fundamental to our organization – not 
only accepted by staff but also expected and 
embraced to ensure our services are aligned with the 
changes in our sector. 
     
15 Our information architecture is adaptive to 
changes in our sector, and so are our roles and job 
descriptions, accountabilities, organizational 
structure, work flow, and processes. 
     
16 Employees are aligned with departmental goals and 
departmental goals are aligned with organizational 
goals and organizational goals are aligned with the 
trends in our sector 
     
17 We monitor and improve our organizational 
performance based on an informed, 
comprehensive view of all operations across the 
organization. 
     
18 Differences in background, experience and 
knowledge are embraced and encouraged. 
     
19 There are plenty of advancement opportunities for 
adaptable, creative people. 
     
20 We continuously optimize market alignment and 
processes to achieve market leadership. 
     
21 We have started to make use of external data as 
well (such as the annual MOH Health Facts) to 
better understand the healthcare sector in general 
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and our healthcare sector in particular. 
22 We monitor markets to foresee the slightest shift in 
expectations and realign organization 
accordingly. 
     
23 Decisions are always based on analyses that not 
only explain, “what was” but reliably predict, “what 
will be”, using quantitative and qualitative inputs. 
     
24 We monitor constantly market information and 
regulatory trends in our sector to stimulate 
inventive (creative) thinking and action. 
     
25 The culture rewards creativity and does not 
punish failures. 
     
26 We regularly monitor and analyze data from 
many new sources: markets, customers, partners 
and suppliers. 
     
27 There is some collaboration in answering 
business-related questions (such as “What services 
should we provide?”) amongst the clinical, human 
resource, finance, operations (and other 
departments) via data file sharing about their 
respective areas. 
     
28 In our organization, we add value to our data 
analysis by incorporating “unstructured” data – 
such as text files, digitized speech, images, e-mails 
and customer support records. 
     
29 Information is seen as a critical strategic asset, 
just as important as tangible operational assets. 
     
30 When carrying out strategic planning, 
information is an essential tool for helping us 
carry out the analyses of our organizational 
Strengths, Weakness, Opportunities, and Threats 
(SWOT ). 
     
31 Stimulating environment is provided for creative 
thinkers who like to challenge old paradigms and 
work outside the box. 
     
32 Improvement teams are always looking to broaden 
the diversity of the team members for better and 
vibrant brainstorming sessions and to generate 
the most creative ideas. 
     
33 We are entrusted to make decisions, and we have 
access to the complete and accurate information 
we need for those decisions. 
     
34 We are entrusted to make decisions, and we have 
access to the complete and accurate information 
we need for those decisions. 
     
35 Peer group are formalized across departments; these 
groups get together for brainstorming sessions that 
can lead the entire organization into 
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performance improvement 
36 Everyone leverages information and uses analytics 
(e.g., trending, pattern analysis, and predictive 
results) to increase effectiveness 
     
 












































5 4 3 2 1 
1 The results of our process improvements and other 
innovations are routinely managed, monitored & 
evaluated based on our organization-wide data, 
and then communicated to relevant parties for 
appropriate action. 
     
2 We have a team of staff whose main focus is on 
analyzing our organization-wide data (e.g. about 
our patients, staffing, costs and payment) in order to 
introduce change for improvement. 
     
3 In our organization, the company tracks measures 
across time periods for the entire business value 
chain (such as employee productivity, time taken to 
develop and introduce our services and growth rate 
in the utilization of our services). 
     
4 In our organization, we have a team of staff whose 
main focus is on analyzing our organization-wide 
data (e.g. about our patients, staffing, costs and 
financing) in order to identify and seize new areas 
of patient care services that our organization 
can provide. 
     
5 Our analytical systems (i.e., processes and tools) 
automatically reuse information from our 
interconnected business processes to continuously 
update internal knowledge and best practices. 
Clinical Example: My organization has an automated 
clinical indicator monitoring system. If the rates in 
any of our clinical indicators show a deteriorating 
trend, this information is relayed quickly through the 
help of IT system to relevant wards/ clinics to adjust 
their service provision accordingly. 
     
6 In our organization, we have measurements that 
reflect the importance of innovation, such as 
revenue from new services being offered, number of 
ideas at various stages of the service development 
process, time from idea to launch of actual services, 
and the projected monetary value of new ideas for 
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services yet to be introduced. 
7 We  track measurements related to big-picture 
performance of how our organization in aligning 
its services to current and future healthcare 
trends (e.g., as announced in annual government 
programs to develop the healthcare and social 
services  in the Intermediate and Long Term Care 
sector of Singapore). 
     
8 We construct mathematical models of our work-
flow interactions and then analyze the results for 
continuous process improvement. 
     
9 We track measurements to assess how we compare 
with other organizations locally and internationally 
who offer similar services. 
     
10 We have an organizational data governance 
framework (i.e. the overall management of the 
availability, usability, integrity and security of an 
organization's data). 
     
11 Measurements carried out by various Departments 
are integrated and interpreted together for 
planning and decision-making (e.g. clinical 
indicators by Nursing Department; staffing, service 
utilization, cost & payment of services by Finance 
and Admin Departments). 
     
12 Authorized officers receive reports (e.g. about our 
patients, staffing, costs and financing of our services, 
and the utilization of our services) on a regular 
basis. 
     
13 We have consistent data definitions, data collection, 
and data management processes to assure data 
quality have been adopted across the 
organization. 
     
14 Our information and knowledge management 
systems collect data, generate information and 
produce knowledge and insights that are aligned 
with what is needed to support our organizational 
goals and objectives regarding patient care, 
staffing, costs and the financing of our services. 
     
15 In our organization, payment data has been cleansed 
through standard data-quality routines, hence, we 
have a payment database that is accurate and 
complete that represents “one version of the truth” 
about our patient financing.  Users can have 
confidence in the payment reports that are based 
on these data. 
     
16 Although there might be uniform hardware, 
networks, and software in place for data collection, 
data management and information dissemination, 
this infrastructure is not used consistently by 
everyone in the organization. 
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5 4 3 2 1 
1 In our organization we use computerized databases to 
store data on the formal educational qualifications of staff 
(e.g. PhD, Masters, Degree, Diploma, Post-Basic, Certificate 
in Nursing, etc.). 
     
2 In our organization we use computerized databases to 
store data on the training and education programs 
attended by each of our staff.            
3  In our organization we use computerized databases to 
store data on the professional registration of our staff (e.g., 
APN, RN, EN, etc.).            
4  In our organization we use computerized databases to 
store data on the occurrence reporting (e.g., falls, pressure 
ulcers, scabies, hospitalization etc.).            
5  In our organization we use computerized databases to 
store data on the socio- demographic characteristics of 
each of our staff (e.g. Nationality, Employment, Date of 
Birth, Gender, Race, etc)            
6 In our organization we use computerized databases to 
store data on the socio- demographic characteristics of 
each of our patient (e.g. Education, Employment, Date of 
Birth, Gender, Race, etc)            
7 In our organization we use computerized databases to 
store data on the payments made for the care of each of 
our patient(e.g., subventions, insurance, employers, 
Medisave, Medifund,  "out-of- pocket" etc.,)             
8  In our organization we use computerized databases to 
store data on the utilization of health care services by each 
of our patients (e.g. hospitals, Specialist Outpatient Clinics, 
polyclinics, A&E, dialysis centers, Diabetic Education 
Centers, home care services, hospice care services and other 
healthcare related services).            
9 In our organization we use computerized databases to 
store data on the clinical information of each of our 
patients (e.g. referral information, medical diagnosis, 
surgeries, etc)            
10 In our organization we use computerized databases to store 
data on the costs of providing health care services to each of 
our patients.            
11  In our organization we use computerized databases to store 
data on the nursing assessment and nursing care provided 
(including medication administered) to each of our patients.            
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Domain 4: Availability of Technology & Data Standards and Analytical & 















































5 4 3 2 1 
1 We use Software(s) that have both the ability to do 
descriptive and predictive analytics. 
     
2 We follow a common information technology standard for 
acquiring and implementing Information. Technology 
across the organization            
3  We use Software(s) to carry our analysis of textual and 
other qualitative data (i.e. non-quantitative data).            
4 We use Statistical Software(s) (e.g., SAS, SPSS, STATA, 
etc.,) to produce statistical reports (e.g. about our patients, 
staff, costs of providing our services, payments for our 
services, etc.)            
5 The IT systems are built based on the mapping of our 
entire organization-wide business processes and 
needs, rather than being based on individual employee or 
individual departmental needs alone.            
6 We use data warehousing (data hub) to store and 
retrieve data on patients, staff, costs, financing and service 
utilization to enable an enterprise (organization-wide) 
information platform.            
7 We use Software(s) that enable us to do our own ad hoc 
query of our data bases without needing assistance from 
IT or statistical staff.            
8 We use a Software  (instead of manually) to identify and 
retrieve data for analysis (e.g. about our patients, staff, 
costs of providing our services, payments for our services, 
etc.) from our computerized data base(s)            
9 We follow a data dictionary that defines how we collect 
data about our patients and staff in order to facilitate 
analysis and statistical reporting            
10 We have a master plan that defines how  our  Information 
Technology (whether in-house or outsourced) will meet our 


















































5 4 3 2 1 
1 I receive reports on a regular basis about the payment of 
our nursing care services.  
     
2 In our organization I receive reports on a regular basis 
about the utilization of our nursing care services.             
3  I receive reports on a regular basis about the costs of 
providing our nursing care services.             
4 I have access to the payment data that are stored in our 
computerized database(s).            
5 I have access to the cost data that are stored in our 
computerized database(s).             
6  In our organization I receive reports on a regular basis 
about the utilization of other health care services by 
our patients (e.g. acute hospitals, Specialist Outpatient 
Clinics, Dialysis Centre’s, etc.).             
7  I have access to information containing statistical 
information about our organization (e.g., statistical 
reports patients, staffing, costs and financing)            
8  I have access to the staff data that are stored in our 
computerized database(s).            
9  I receive reports on a regular basis about our patients.             
10 I have access to the service utilization data that are 
stored in our computerized database(s).            
11 I have access to the patient data that  are stored in our 


















































5 4 3 2 1 
1 Staff- related data that are stored in our computerized 
databases can be accessed by authorized users ONLY.  
     
2 Patient - related data that are stored in our computerized 
database(s) can be accessed by authorized users ONLY.             
3 Service utilization- related data that are stored in our 
computerized database(s) can be accessed by authorized 
users ONLY.        
4 Payment-related data that are stored in our 
computerized database(s) can be accessed by authorized 
users ONLY.             
5  Cost – related data that are stored in our computerized 
database(s) can be accessed by authorized users ONLY       
 
















































5 4 3 2 1 
1 A high percentage of our organization's data analysts (i.e. 
"knowledge workers) have a clear understanding of our 
corporate goals. 
     
2 A high percentage of our organization's data analysts are 
good team players.            
3 Our organization actively seeks to recruit and retain 
people with information management & data analysis 
skills.             
4 The data analyst staff gain clout by their unique ability to 
analyze data and make decisions based on data rather 
than gut feeling.            
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You have reached the end of the questionnaire. 
The HAMENA Scale was developed and validated by G. Villanueva-Lim in Singapore based on 
content explained in Chapter 3: "On the Levels:  Information Evolution in the Real World" from 
Information Revolution: Using the Information Evolution to Grow Your Business Copyright © 2006 
SAS Institute Inc., Cary, NC, USA. Reprinted with permission. All rights reserved.  
 
 
